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ABSTRACT 
 
 
A review of STEM literature indicates that increased attention is being paid to STEM 
initiatives particularly with K-12 teachers and programs designed to foster interest in 
STEM fields at the secondary education level, both of which feed the STEM pipeline. 
The President of the United States, Barack Obama, Presidents of Higher Education 
Institutions, and an increased global awareness of the shortfall of workers in the STEM 
pipeline are driving the increased attention. Recognition that an inability to meet STEM 
workforce demands may jeopardize the position of the United States as a world leader is 
significant.  The purpose of this study was to examine the impact of a first year 
experience course, Biology 115: First Year Seminar, specifically with regards to 
academic performance and retention, and to evaluate how the impact changes when 
course instruction was delivered in a 16-week versus an 8-week model. Three sample 
groups (N = 596) consisting of first time college freshmen declared as biology majors 
from 2005-2012 at the University of Missouri-Kansas City were selected for 
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participation. Data was collected from student’s high school and college transcripts and 
college applications by the Office of Institutional Research.  A three phase analysis 
including descriptive statistics and t-tests, principle component analysis, and binary 
logistic regression were performed using a hierarchical model informed by Alexander 
Astins’ Input-Environment-Output model. The majority of students were female, 
residents of the State of Missouri, and White. Analysis results indicated that students 
enrolled in the Biology 115 course earned higher grade point averages, were in better 
academic standing, and were retained at a higher level than the control group.  
Additionally, students enrolled in the course in the 8-Week model earned higher grade 
point averages and had higher retention from Year 1 to Year 2 and retention as biology 
majors over the 16-week model.   
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 CHAPTER 1 
  INTRODUCTION 
 
National policy and initiatives have made science, technology, engineering, and 
mathematics (STEM) education a priority in the United States (Stem Education 
Coalition, 2012, White House, 2010, NIH, 2009). The STEM fields are the basis of 
evolving innovation and the foundation upon which the United States is dependent upon 
to maintain its position as a world leader in these areas. United States President Barrack 
Obama is leading the nation in this effort and has made improving STEM education one 
of his top priorities (White House, 2010). The President has identified three overarching 
priorities for science, technology, engineering, and mathematics education necessary for 
laying a new foundation for the future prosperity of the United States: increasing STEM 
literacy so all students can think critically in science, technology, engineering, and 
mathematics; improving the quality of math and science teaching so American students 
are no longer outperformed by students in other nations; and expanding STEM 
education and career opportunities for underrepresented groups, including women and 
minorities (White House, 2010). Adding to the overall increasing level of concern 
regarding the ability of the United States to continue to funnel students from high 
school into postsecondary educational and in particular into undergraduate STEM 
majors, the Business-Higher Education forum (2011) concluded that "increased global 
competitiveness, lackluster performance in mathematics and science education, and a 
lack of national focus on renewing its science and technology infrastructure have 
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created a new economic and technological vulnerability as serious as any military or 
terrorist threat" (U.S. Dept of Labor, 2007). 
Statement of the Problem 
The United States (U.S.) faces three primary barriers, based on a review of the 
literature, to accomplishing its goal of being able to supply a quality workforce to 
support the predicted increasing demand for workers in STEM fields: 
1. The status of the U.S. as a world leader in science and technology is 
seriously threatened by the inability to motivate, develop, educate, and retain 
a skilled workforce in science, technology, engineering, and mathematics 
(STEM) fields (Business, 2011, Hossain and Robinson, 2012, U.S. Dept. of 
Labor, 2007, Metcalf, 2010, National Science Board, 2012).  
2. The current K-12 system of education in the U.S. is failing to identify, 
motivate, and prepare students interested in STEM fields for successful 
transition into higher education. Ineffective and insufficiently trained 
teachers, the absence of or access to supplemental programs to development 
students interest in STEM, a system of student learning assessment that fails 
to foster the development of teachers and students, and the lack of support 
and professional development opportunities for teachers are all implicated in 
this national accusation (Business, 2011, California Council on Science and 
Technology, 2009, Hossain and Robinson, 2012, U.S. Dept. of Labor, 2007, 
Lyon, Jafri, and St. Louis, 2012). 
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3. Enrollment and persistence in STEM majors and the numbers of 
undergraduate and advanced degrees awarded in STEM fields are 
insufficient to meet the current and projected needs for the STEM workforce 
in the U.S. and graduates are not appropriately trained or prepared with the 
skills required by STEM employers (Business, 2011, Hossain and Robinson, 
2012, U.S. Dept. of Labor, 2007, Lyon, Jafri, and St. Louis, 2012, Metcalf, 
2010, Partnership for the New American Economy, 2012).  
In 2009, United States President Barrack Obama launched several initiatives 
including the Educate to Innovate National Campaign and Race to the Top fund 
providing combined financial commitments of over $4.6 billion dollar (White House, 
2009). President Obama has since been joined by state and national leaders to address 
the growing shortfall the U.S. faces in supplying enough skilled workers to match the 
needs of STEM employers. A number of initiatives have resulted from collaborations 
that have stemmed from the growing need for a national commitment including Intel's 
Science and Math Teachers initiative, the National Math and Science Initiative U-Teach 
Program, a commitment from university presidents at over 75 major public universities 
to train 10,000 new science and math teachers annually by 2015, the Public 
Broadcasting Service (PBS) joining 356 partner stations in the PBS Innovative 
Educators Challenge, and the Woodrow Wilson Teaching Fellowship to prepare more 
than 10,000 new math & science teachers and support professional development for 
100,000 current teachers. In total, these commitments provided additional financial 
support totaling $250 million to the 2009 total reported above (Gentile, 2010).  
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Despite President Obama’s attention and the support he has garnered from 
across the nation, the threat that the U.S. is in jeopardy of losing its position as a leader 
in science, technology, engineering, and mathematics continues to warrant grave 
concern among U.S. STEM employers and others. President Obama and the actions of 
the United States continue to be critically and widely scrutinized. Noting accelerating 
concerns over whether or not the United States is drawing enough young people to 
study science and technology fields in college, “Policy makers”, reported Inside Higher 
Education (Lederman, 2009), “have paid comparatively little attention to how the 
students who enter those disciplines fare, and whether they stay in those fields once 
they enter them”. In 2011, a profound summary of the nation’s concerns was delivered 
in a Business-Higher Education Forum Policy Brief, “Key disruptions exist at every 
point in the STEM human capital supply chain: in preparation for college; persistence in 
STEM majors; inadequate development of high-demand skills in undergraduate 
education; poor lineage between employers needs and graduate training and the 
diversion of nearly half of STEM graduates into non-stem jobs”.  
The recruitment and retention process to funnel students and future STEM 
employees into education and training programs in science, technology, engineering, 
and mathematics fields is collectively referred to as the STEM pipeline. The term 
“pipeline” was introduced to the National Science Foundation (NSF) in the 1970’s and 
is a somewhat singular path whereby students discover and develop their interest in 
science, technology, engineering, and mathematics beginning in middle school, are 
encouraged and motivated throughout their high school experience resulting in their 
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entrance into postsecondary education in pursuit of undergraduate degrees in STEM 
majors that in turn lead to advanced degrees and training and eventual careers in a 
STEM field (Metcalf, 2010). There are growing questions related to the STEM pipeline 
both in terms of its accuracy in predicting workforce demand and in the continued 
observations of “leaks” at various junctions. The pipeline is inherently “leaky” and has 
received growing criticism for an insufficient number of entrance points, its inability to 
provide opportunities for the development of relationships between students, teachers, 
and STEM professionals that would motivate students to continue their exploration of 
science, technology, engineering, and mathematics as possible careers, and its 
association with the continued perpetuation of discrimination toward woman and 
minorities. One of the most critical statements concerning the pipeline states the 
pipeline is a passive resource that “hides the ways in which certain populations are 
disciplined, produced, and used for the benefits of others” (Metcalf, 2010).  
Persistence, retention, and ultimately degree completion is the goal of any 
university. The opportunities available for students to engage with their university are 
widely accepted as significantly influencing student’s decisions to continue with their 
educational career. In addition, the first year of college is widely influential and 
provides the basis upon which the student’s experiences and decisions for career 
exploration are founded. For many students a first year experience course is their first 
opportunity to engage in a meaningful way with their student colleagues and faculty. It 
may be their first opportunity to develop a greater awareness of their interests and much 
of the overall goal is to “enhance the social and/or the academic integration” of the first 
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year student (Barefoot, Griffin, and Koch 2012). Within the context of the first year 
programs being associated with the greatest contribution to retention, studying the 
impact of such opportunities as part of a first year experience course is logical (Habley 
and McClanahan, 2004).  
Theoretical Basis of the Study 
In 2004, the University of Missouri-Kansas City (UMKC) First Year Experience 
Committee was convened through a collaboration of the Chancellor's Cabinet, the 
Division of Academic Affairs, and the Division of Student Affairs and Enrollment 
Management (UMKC First Year Experience Committee, 2006). The committee 
presented their final report in 2006 which included separate profiles and retention 
statistics for first-time freshman and transfer students enrolled at UMKC. After 
reviewing literature, campus support, activities, and programs, campus National Survey 
of Student Engagement (NSSE), participation in “Shaping the Future: Aspiration, 
Assessment, Action!” a national teleconference by the Policy Center on the First Year 
of College and the National Resource Center for the First-Year Experience and Students 
in Transition, and attending the annual conference on the First Year Experience, the 
report identified components that contributed to the first year experience for the two 
student populations that culminated in four conclusions: UMKC has multiple strong 
orientation events, it offers a number of welcoming events in the fall, but in contrast has 
few outreach programs or faculty/student engagement initiatives and has no orientation 
and few welcoming events for students at the beginning of the winter/spring semester. 
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The report concluded with recommendations for outcomes that were meant to spur 
discussions across campus to serve as the basis for future programming and services.  
Following the lead of the First Year Experience Committee, the School of 
Biological Sciences began looking closely at its participation in students’ first year 
experiences. Within the School, the Undergraduate Programs Office in particular began 
reviewing the academic advising services available to students and a central focus of the 
review became students who failed to obtain or maintain good academic standing and 
were subsequently placed on academic probation. UMKC defines good academic 
standing as maintaining a minimum University of Missouri (UM) grade point average 
(GPA) of 2.0 on a 4.0 scale (UMKC Catalog, 2009-2013). Students with declared 
majors in the School of Biological Sciences are additionally required to maintain a 
University of Missouri biology GPA of 2.0. At the end of each semester, students 
unable to obtain or maintain this minimum standard are placed on academic probation 
by the University Registrar as notified by their academic unit.  
The advising models employed by individual academic units at UMKC are 
decentralized and vary both in method and delivery (UMKC Catalog, 2013-2014). 
Smaller units tend to rely primarily on faculty to deliver much of the advising and 
depend heavily on accountability through frequent contact with the students in the 
classroom, not in advising sessions. In contract, however, advisers in the largest 
academic unit at UMKC, the College of Arts and Sciences, are not able to track students 
as personally and much of the advising load, particularly for first and second year 
students, transpires through a centralized advising office staffed primarily by full-time 
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professional advisers. Few academic units require students to participate in regular 
advising with the exception of new freshman, graduating seniors, and graduate students. 
Those units requiring regular advising primarily require only one session per semester 
prior to each registration cycle.  
Research literature in higher education supports what is widely accepted by 
college and university administrators, faculty, and advisers that with intervention, 
students can develop the cognitive strategies and motivation that allow for behavioral 
modifications that will result in a probationary student’s successful return to good 
academic standing. The development of an intrusive advising program requires 
increased student accountability and responsibility. When the components of the 
advising model are negotiated, goal centered, and student driven, student learning and 
development can be promoted and encouraged through regular feedback and 
reinforcement (Light, 2001).  
King and Kerr (2005) provide the following excerpt as evidence supporting the 
critical need and importance of assessment advising programs: “In a relevant review of 
the literature, Pascarella and Terenzini (1991) noted that the research results have been 
mixed.” However, they cite research by Metzner (1989) showing “that the quality of 
advising received only a small and statistically non-significant direct effect on 
persistence.” High-quality advising, however, did have a statistically significant positive 
effect on persistence transmitted through its positive impact on such variable as grades 
and satisfaction and its negative effect on intent to leave the institution” (Pascarella & 
Terenzini, 1991). Upcraft, Srebnik, and Stevenson (1995) conclude that while the 
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research may demonstrate that advising promotes student success, there is little 
evidence to determine which methods of advising and which models are most effective 
in promoting that success. Habley and Morales (1998) concur, stating that the challenge 
is to provide compelling evidence that academic advising does make a difference in the 
lives of students and the success of institutions. The proven effectiveness of intrusive 
advising supports this method as a necessary component for any advising program, 
especially one whose clientele are identified as those in greatest need, and more 
importantly, those least likely to seek it voluntarily (Upcraft & Kramer, 1995; Austin, 
Cherney, Crowner, & Hill, 1997; Kirk-Kuwaye & Nishida, 2001; and Cruise, 2002). 
Student involvement in the advising process has been identified as having a profound 
impact in helping students take responsibility for their academic performance and in 
recognizing factors that hinder or support their academic success. When students are 
actively involved in the identification of problems and solutions, they are empowered to 
take ownership of the process and the outcome (Raushi, 1993).  Research shows that the 
higher the level of adviser/student involvement, the greater the chances are for the 
student to raise their GPA, both in immediate and 3-year returns (Lynch & Stuckey, 
2001; and Abelman & Molina, 2001).  
The School of Biological Sciences recognized the need to directly and 
aggressively address student’s needs, especially the needs related to first semester 
transitions, preparedness for college level participation and requirements, and students 
facing academic difficulty. In spring semester 2008, the School of Biological Sciences 
piloted an intrusive advising program titled Steps for Success. An expansion of this 
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program was used with students on probation during the subsequent semester (fall 
2008). Beginning fall semester 2009, the School offered, for the first time, Biology 115: 
First Year Seminar, a first year experience course for new freshman biology majors. 
Assessment of the impact of this course on academic performance and persistence, 
particularly for STEM majors, will enable data driven decisions to be made that can 
influence policy and programming to better align the School of Biological Sciences in 
their efforts to effectively address students’ needs at the highest possible level and 
positively contribute to the continued success of the school and institution in accordance 
with its mission and values and that of the University. Furthermore, this assessment will 
further the School of Biological Sciences and UMKC in positively contributing to the 
number of students enrolling in and graduating from STEM programs. UMKC is a solid 
model for the basis of this analysis and the results of this impact study may provide 
beneficial considerations to other institutions with comparable demographic profiles 
and first year experience courses, particularly in the Midwest.  
Purpose of the Study 
The purpose of this study is to examine the impact of a first year experience 
course on retention of first-time college freshman enrolled as STEM majors in a first 
year seminar course at the University of Missouri-Kansas City (UMKC) using 
Alexander Astin's (1993) Input-Environment-Output (I-E-O) model. The Biology 115: 
First Year Seminar course offered through the School of Biological Sciences at the 
UMKC will be the model for analysis. The primary goal will be to examine the impact 
of the first year experience course and make some determinations on how the 
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experiences related to the Biology 115: First Year Seminar contributes to students' 
academic performance and their decisions to persist or not in their initially declared 
STEM major. 
Research Questions 
The following research questions will be addressed:  
1. What impact has Biology 115: First Year Seminar had on first-time college 
freshman enrolled full-time as declared science, technology, engineering, 
and mathematics (STEM) majors in the School of Biological Sciences at the 
University of Missouri-Kansas City? 
2. How has an alternative eight-week (half-semester) model of Biology 115: 
First Year Seminar influenced students’ academic performance and 
persistence in the School of Biological Sciences at the University of 
Missouri-Kansas City?  
Hypothesis 
Null hypothesis one. The Biology 115: First Year Seminar has had no impact 
on first-time college freshman enrolled full-time as declared science, technology, 
engineering, and mathematics (STEM) majors in the School of Biological Sciences at 
the University of Missouri-Kansas City. 
Research hypothesis one. The Biology 115: First Year Seminar has had a 
positive impact on first-time college freshman enrolled full-time as declared science, 
technology, engineering, and mathematics (STEM) majors in the School of Biological 
Sciences at the University of Missouri-Kansas City as demonstrated by higher grade 
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point averages, an increased percentage of students in good academic standing, and 
increased first to second year retention.   
Null hypothesis two. The alternative eight-week course model of Biology 115: 
First Year Seminar has no demonstrated influence on students’ academic performance 
and retention in the School of Biological Sciences.  
Research hypothesis two. The alternative eight-week course model of 
Biology115: First Year Seminar has positively influenced students’ academic 
performance and retention in the School of Biological Sciences as demonstrated by 
higher grade point averages and higher rates of first to second year retention.  
Significance of the Study 
 The educational significance of this study is to advance the literature in the field 
of the first year experience in general and more specifically to the persistence of 
students in science, technology, engineering, and mathematics. This study will seek to 
improve the understanding of the impact of the first year experience course and how 
variations in course design and delivery influences students’ academic performance and 
persistence. Findings from this study may assist in the development of an increased 
understanding of experiences and learning opportunities that will lead to increased 
retention and graduation of students with declared STEM majors.  Additionally, as this 
dissertation study is with an interdisciplinary program examination of the analysis will 
include perspectives from both disciplines, Urban Leadership and Policy Studies in 
Education and Curriculum and Instruction.  
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Definition of Terms 
 A few of the specific terms used in this study have widely varying definitions 
across higher education institutions and within the higher education literature. The 
terms STEM major, First-Time College (FTC), First Year Experience (FYE), First Year 
Experience course, persistence, and academic performance, as they are used in this 
study, is defined below.  
Academic performance. Academic performance will be measured as grade 
point average earned at the conclusion of the initial semester of enrollment at the 
university and earned for each semester of consecutive enrollment.  
Census date.  The Census Date occurs on the 20th date of classes for the fall and 
spring semesters.  
Coaching Program. The Coaching Program “provides one-on-one peer 
mentoring to first year students, leadership opportunities to returning UMKC students 
serving as peer coaches, services for students on financial aid contracts, academic 
success workshops, and academic and personal support for Henry W. Bloch Scholars” 
at UMKC (UMKC Coaching, 2013). 
Environment variable. The environment variable is defined as the various 
programs, policies, faculty, peers, and educational experiences to which the student is 
exposed (Astin, 1993).  For this study the environment variables will be data collected 
during the student’s enrollment at UMKC for their initial fall term (Year 1 fall) and the 
subsequent spring (Year 1 Spring).   
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Input variable.  The input variable is defined as the characteristics of the 
student at the time of initial entry to the institution (Astin, 1993).  The input variables 
for this study will be from data prior to the student’s initial enrollment in their first term 
(Year 1 fall) at UMKC. 
First-time college (FTC). First-time college is determined as recorded by the 
University of Missouri-Kansas City Registrar as the admit type for each student.  As 
defined by the Integrated Postsecondary Education Data System, a student who has no 
prior postsecondary experience attending any institution for the first time at the 
undergraduate level. This includes students enrolled in academic or occupational 
programs (NCES, n.d.). It also includes students enrolled in the fall term who attended 
college for the first time in the prior summer term, and students who entered with 
advanced standing (college credits earned before graduation from high school).  
First year experience (FYE). First year experience is defined in the Final Draft 
Report of the UMKC First Year Experience Committee dated May 30, 2006, as an 
intentional, cohesive, dynamic program for first year students designed to promote 
student success and develop campus community.  
First year experience course. A first year experience course refers to a specific 
course offered in the academic unit being studied (Biology 115: First Year Seminar). 
This is a one-credit, graded course delivered in person by a single instructor. This 
course is offered through the School of Biological Sciences and focuses on assisting 
freshman students in making a successful transition from high school to the university 
through the development of supportive relationships, appropriate study skills, campus 
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involvement, academic advising, and career investigation. This course has been offered 
in fall semesters to new freshman since 2009 and was originally modeled after the Steps 
for Success program (Welchert, 2008, 2009) developed within the School of Biological 
Sciences to assist students placed on academic probation in returning to good academic 
standing.  
Full time enrollment (FTE). Students must be enrolled in a minimum of 12 
credit hours to be identified as full-time at UMKC.  
High School Dual Credit. An affordable program for high achieving high 
school students that allows them to simultaneously earn credit towards high school and 
college requirements.   
Legitimate educational interest.  A school official generally has a legitimate 
educational interest if the official needs to review an education record in order to fulfill 
his or her professional responsibility (U.S. Department of Education, Family Policy 
Compliance Office, 2013).  
Output variable. The output variables are characteristics that result after 
exposure to the environment (Astin, 1993). For this study the output variables are 
retention and major for the students second fall term (Year 2 fall).  
Pell eligible. Students who are Pell eligible meet the minimum requirements for 
a Federal Pell Grant. These grants are generally designated for students from families 
with incomes of $40,000 or less (Institute for College Access & Success, 2008).  
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Retention. Retention will be measured as continuous enrollment from one 
semester to the next sequential semester and separately from the initial fall semester to 
the next subsequent fall semester.  
STEM major. STEM majors are determined nationally on the basis of inclusion 
on the STEM-Designated Degree Program list as announced by the United States 
Department of Homeland Security. For this study STEM majors will be confined to 
majors in biology, chemistry, physics, and mathematics.  
Limitations 
Participants for this study are limited to students enrolled at the University of 
Missouri-Kansas City as first-time freshmen who enrolled full time as declared majors 
in the School of Biological Sciences. As such the ability to generalize findings from this 
study will be limited to schools of similar size, selectivity, and with similar student and 
faculty profiles located in the Midwest. Additional limitations are necessarily required 
based on the format, delivery method, and topics covered in the Biology 115: First Year 
Seminar course and findings are limited to courses with similar characteristics.  
The use of Astin’s I-E-O model to analyze the data obtained for this study also 
introduces limitations. Information obtained as input variables will be obtained as 
officially recorded from the students’ applications and official transcripts and test 
reports that were submitted to the university. Environmental and outcome variables will 
also be obtained from officially recorded university records. Although using official 
university records significantly reduces errors or bias of self-reported data it may not 
fully represent complete data for each student. Information such as transcripts or test 
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scores may be absent; having been completed by the student but not submitted to the 
university.  
Organization of the Remaining Chapters 
Chapter 2 contains a literature review regarding the theoretical context for this 
study. The literature review will address the concepts of science, technology, 
engineering, and mathematics (STEM) as a field, the STEM pipeline, and United States 
STEM workforce. The literature will address the concepts of retention theory, the first 
year experience, the first year experience course, and provide a rationale for the use of 
Astin’s I-E-O impact model for analysis of the data. Chapter 3 will include the 
methodology. This chapter will provide the reader with an overview of the selection of 
UMKC and the School of Biological Sciences as an appropriate model, the process for 
selection of participants for the study, and a description of how the data will be 
collected and analyzed. The data analysis will be included in Chapter 4. Chapter 5 will 
contain a summary and discussion of the study, conclusions, limitations of the study, 
and recommendations for future research.    
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CHAPTER 2 
LITERATURE REVIEW 
 
 When problems arise, solutions are sought. The inability of the United States to 
supply a sufficient number of skilled science, technology, engineering, and mathematics 
(STEM) workers to meet workforce demands has drawn much attention and has 
increasingly been termed a U. S. crisis. Across the United States statisticians work to 
provide the data necessary to make decisions that will direct the future of the Science, 
Technology, Engineering, and Mathematics (STEM) workforce in America (Bureau of 
Labor Statistics, March, 2012, National Science Board, 2012, ACT, 2006, Aud et al. , 
2013). The answers to the STEM workforce shortfall cannot however be understood 
solely through statistics. A deeper understanding of the STEM workforce crisis can only 
be fully comprehended by also examining the STEM pipeline that supplies the 
workforce. Literature discussing the STEM pipeline sources its beginning in elementary 
and middle school (Lyon, Jafri, and St. Louis, 2011). As the pipeline twists and turns 
through high school and post-secondary education the pipeline becomes increasingly 
leaky and potential STEM workers are purged from the pipeline before reaching their 
final destination as a worker in a STEM field.  
 This literature review will begin by setting the context for this study. An 
overview of STEM as a field with an explanation of the STEM players will provide the 
map to look more deeply at the people in the pipeline, where the pipeline experiences 
leaks, and how the nation is responding. The STEM pipeline will be described and will 
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include a description of global partners. An examination of global and U.S. workforce 
and education trends will also be provided. The STEM pipeline will be reviewed along 
three primary section of the pipeline: K-12, higher education, and workforce. An 
overview of access, leaks, and national response in each area will be provided. As the 
focus of this study hovers over a critical transition period that spans the departure from 
high school through the first year of college, the next section of this chapter will review 
student development and retention theories in higher education. A review of literature 
on the first year experience and first year experience courses will conclude the chapter.  
 The resources available to address the STEM workforce and pipeline are 
complex and there is no one source that adequately addresses all aspects examined here 
(Ellis, 2010). Sources tend to focus on specific aspects of STEM depending on the 
reporting body and targeted audience. To the best of this researchers ability a range of 
resources have been utilized to create a thorough review of STEM as a field.   
Science, Technology, Engineering, and Mathematics (STEM) 
The definition of STEM fields has been scrutinized, debated, and clarified over 
the past two decades. The National Center for Education Statistics (NCES), National 
Science Foundation, United States Department of Homeland Security (DHS), and the 
Bureau of Labor Statistics (BLS) are the four primary organizations providing 
definitions of what academic/educational program areas and occupations are classified 
under the Science, Technology, Engineering, and Mathematics STEM umbrella 
(Koonce, Zhou, Anderson, Hening, and Conley, 2011, Fiegener, 2013, Bureau of Labor 
Statistics, August, 2012, U.S. Department of Homeland Security, 2008). The following 
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broad areas are used to define STEM and careers (Minnesota State Colleges and 
Universities, 2008):  
 Agriculture, Agricultural Operations and Related Sciences 
 Computer and Informational Sciences and Support Services 
 Engineering and Engineering Technologies 
 Biological and Biomedical Sciences 
 Mathematics and Statistics 
 Physical Sciences and Technologies 
Data analysis is complicated by the different classifications and category’s used by the 
National Science Foundation, Department of Homeland Security and the Bureau of 
Labor Statistics; the National Science Foundation lists 136 Instructional programs for 
STEM disciplines, the U.S. Department of Homeland Security lists 423 STEM 
designated degree programs, and the Bureau of Labor Statistics categorizes STEM 
occupations under five types of occupations containing 840 subtypes.  
The recruitment and retention process to funnel students and future STEM 
employees into education and training programs in science, technology, engineering, 
and mathematics fields is collectively referred to as the STEM pipeline. The term 
“pipeline” was introduced by the National Science Foundation (NSF) in the 1970’s and 
is described as a somewhat singular path whereby students discover and develop their 
interest in science, technology, engineering, and mathematics beginning in middle 
school, are encouraged and motivated to continue throughout their high school 
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experience resulting in their entrance into postsecondary education in pursuit of 
undergraduate degrees in STEM majors that in turn lead to advanced degrees and 
training and eventual careers in a STEM field (Metcalf, 2010).  
Global partners. The United States is not the sole player on the STEM court. 
This is a global game and the players are many, and most indications are that the United 
States is losing the game (U.S. Congress Joint Economic Committee, 2012). A recent 
report from the U.S. Congress Joint Economic Committee indicated that the U.S. is 
falling behind in international comparisons but urged caution when making 
international comparisons with countries that vary dramatically in size, diversity, and 
industrial policies. Governments in many parts of the developing world view science 
and technology as integral to economic growth and development. These countries have 
taken steps to open markets to trade and foreign investment, develop their science and 
technology (S&T) infrastructures, stimulate industrial research and development 
(R&D), build indigenous R&D capabilities and expand their highest education systems 
(National Science Board, 2012).  
Organization for Economic Co-Operation and Development.  When 
comparisons are being made, the countries of comparison are referred to by their 
association with three distinct groups. The first group is commonly referred to as OECD 
or Organization for Economic Co-operation and Development (OECD, 2013). There are 
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 currently thirty-four countries1 in the OECD population who have provided ratification 
documents pledging their commitment to democracy and the market economy (OECD, 
2013). The OECD counties span the globe including many of the worlds most advanced 
countries but also emerging countries like Mexico, Chile, and Turkey. The Organization 
reports working closely with “emerging giants” like China, India, and Brazil and with 
developing countries like Africa, Asia, Latin America and the Caribbean.  
European Union. The second group used in comparisons is an economic and 
political union of 27 member states which are located primarily in Europe. The 
European Union or EU was created in the after math of World War II and today 
proclaims that “everything that is does is founded on treaties, voluntarily and 
democratically agreed by all member countries”. The EU is comprised of the following 
countries: Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungry, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, 
Spain, Sweden, and the United Kingdom (European Commission, 2012, National 
Science Board, 2012).  
Asia-8. The Asia-8 is reported to function like a loosely structured supplier zone 
for China’s high technology manufacturing export industries (National Science Board, 
2012). The countries of India, Indonesia, Malaysia, the Philippines, Singapore, South 
                                                          
1 OECD member countries include Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, 
Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, Slovenia, 
Spain, Sweden, Switzerland, Turkey, United Kingdom, and United States (OECD, 2013).  
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Korea, Taiwan, and Thailand comprise the Asia-8 and are the third most documented 
comparison group in STEM discussions. In the Science and Engineering Indicators  
(National Science Board) 2012 report Asia’s growing recognition as a major world 
science and technology center is primarily attributed to China but the Asia-8 have also 
played a role. The report states these countries are committed to “boosting the quality 
of, and access to, higher education and developing world-class research and S&T 
infrastructure”.  
Global labor force trends. The National Science Foundation (NSF) in 
conjunction with the National Center for Science and Engineering Statistics (NCSES) 
produced a report in 2012 (Fiegener) outlining three important considerations related to 
the workforce shortfall of STEM workers in the United States. The report indicated that 
worldwide, the number of workers engaged in research has been growing since 1995 
noting that the number of researchers in the United States and the European Union has 
experienced steady growth but at a lower rate than in China and South Korea where the 
number of researchers have tripled and doubled respectively. The report stated that 
among businesses located in the United States, research and development employment 
is disproportionately domestic with one-quarter of R&D employment being in foreign 
locations. The report also indicated that preliminary data from 2009 indicates a 
substantial shift in the balance between R&D employment by U.S. firms abroad and 
R&D employment by foreign firms in the United States.  
 As mentioned previously, competition is a global game. In a presentation from 
the Teaching Institute for Excellence in STEM (TIES), a consulting firm who works in 
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conjunction with the Bill and Melinda Gates Foundation, the National Science 
Foundation, Johns Hopkins University, and others, it was commented that “global 
competition, market instabilities and changing trends in immigration are placing 
increasing pressures on the world economy” (Brighton, Burgstahler, Martinez, and 
Morrison, 2009). This is consistent with comments from the National Science Board 
which reported in 2012 that global R&D expenditures over the past decade have grown 
faster than global gross domestic product (GDP), an indication of widespread efforts to 
make economies more knowledge and technology intensive.  
Global trends in STEM education. In a report filed in April, 2012 to the U.S. 
Congress Joint Economic Committee, it was noted that while the U.S. produces the 
greatest number of STEM degree recipients, when these numbers are adjusted for the 
overall number of degrees and for population the picture looks grim with the U.S. 
comparing unfavorably with other global competitors. This observation was consistent 
with an earlier report released in January 2012 from the National Science Board which 
reported that in 2008 about 5 million first university degrees were awarded in science 
and engineering worldwide. While numbers of degrees awarded in the United States 
increased, they did so at a rate much reduced from countries such as China and Taiwan 
whose numbers of degrees awarded doubled between 2000 and 2008. The report further 
noted that China overtook the United States in the number of doctoral degrees awarded 
in natural science and engineering in 2007 but that the United States according to 2008 
data has managed to award the largest overall number of science and engineering 
doctoral degrees of any individual country. China, Russia, and the United Kingdom are 
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next in line for number of science and engineering doctoral degrees awarded according 
to the report.  
 In the Science and Engineering Indicators (National Science Board, 2012) report 
it was reported that there are no comparison measures of the global science and 
engineering (S&E) labor force, but fragmented data indicates rapid growth concentrated 
in developing countries in the number of individuals who pursue education beyond the 
secondary level. The report notes two statements of particular interest: globally well 
above half of all engineering degrees are awarded in Asia, and that China has driven the 
rise of first university S&E degrees from 280,000 in 2000 to 1 million in 2008 
representing about 50% of all first university degrees, 60% of science and engineering 
degrees, and 70% of natural science and engineering degrees (the U.S. equivalents are 4 
percent, 15%, and 28% respectively). The report further indicated that the increase is 
degrees awarded goes beyond first degrees noting that since 2000, the number of natural 
science and engineering doctorates awarded in Japan and India has increased to 
approximately 7100 and 8000 respectively, and the same degrees from China have more 
than tripled to about 26,000 in 2008, exceeding the comparable number of doctorates 
awarded in the U.S. With respect to degrees awarded in the United States, the report 
indicated that a large proportion of these degrees go to non-U.S. citizens, noting that 
most of the post-2000 increase in U.S. natural science and engineering (NS&E) 
doctorate degrees were awarded to temporary visa holders who in 2009 earned about 
11, 000 of the nearly 25, 000 U.S. NS&E doctorates. Temporary visa holders, not 
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counting foreign students with permanent visas, have earned 39% to 48% of U.S. 
NS&E doctorates since 2000.  
United States labor force trends. There is consensus that the key to U.S. 
competitiveness in an increasingly global economic environment is the adequacy of 
supply and the quality of the workforce in the STEM fields (U.S. Dept. of Labor, 2007). 
In 1957, the Soviet launch of Sputnik, the world’s first orbiting satellite, provided an 
opportunity for the United States to reexamine its role as a global citizen and in the 
wake of this reflection a new competitive spirit emerged which birthed the beginnings 
of STEM as an area of specialized attention. In the decades since, despite having once 
been well-established as a country of national superiority with respect to STEM, and 
despite decades of warnings about the erosion of science and math education leading to 
the dwindling supply of STEM employees, the United States now finds itself in a 
precarious position (California Council on Science and Technology, 2009, U.S. 
Congress Joint Economic Committee, 2012). Science, technology, engineering, and 
mathematics (STEM) occupations are instrumental roles in expanding and developing 
new products and generating technological progress (Cover, Jones, and Watson, 2011). 
The Occupational Employment Statistics survey of STEM occupations is defined as 
consisting of 97 specific occupations that make up about 6 percent of the U.S. 
employment. These occupations include those in computer and mathematical sciences, 
architecture and engineering, and life and physical sciences.  
U.S. employment rates and wages. The Bureau of Labor Statistics is the 
primary tracking resource for workforce data in the United States. The bureau reported 
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in their 2010-2020 projections (2012) that total employment in the U.S. is expected to 
increase by 20.5 million jobs by 2020. Jobs requiring a master’s degree are expected to 
grow the fastest, those requiring a high school diploma the slowest. The Bureau further 
stated that slower population growth and a decreasing overall labor force participation 
rate are expected to lead to slower civilian labor force growth. According to the Bureau 
of Labor Statistics report (2007) on STEM occupations and job growth, the need for 
technical workers will continue to grow.  
The Partnerships for a New American Economy confirms the need for qualified 
skilled workers in STEM fields in the United States as they relate to employment rates. 
The report indicated full employment opportunities available for U.S. STEM workers 
with advanced degrees. The report noted the significantly lower rate of unemployment 
of 3.15 percent for U.S. citizens with doctorates and 3.18 percent for those with 
master’s degrees as compared to the overall national unemployment rate of over 8 
percent. The concern over the displacement of U.S. workers by the number of foreign 
born workers was additionally addressed and found to be of little concern noting that 
even in STEM fields with the highest numbers of foreign born workers (26.1% with 
doctorates and 17.1% with master’s degrees) the unemployment rate remained low.  
 The highest concentrations of STEM occupations are usually in areas with 
technology centers and research parks. A visual essay of STEM occupations presented 
in Monthly Labor Review reported the metropolitan areas where STEM occupations 
accounted for at least 15% of total jobs were San Jose-Sunnyvale-Santa Clara, CA; 
Boulder CO, Huntsville, AL; Framingham, MA; Lowell-Billerica-Chelmsford, MA; and 
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Durham, NC (Cover, Jones, and Watson, 2011). In the same report it was reported that 
the areas with highest concentrations of STEM occupations tended to have higher 
wages for those occupations and most have mean wages significantly above the U.S. 
average ($77,480 for STEM versus $43,460 U.S. average). The Partnership for a New 
American Economy reported that foreign born STEM workers are paid on par with U.S. 
STEM workers and that there is no verifiable evidence to suggest that foreign born 
STEM workers affect the wages of U.S. workers by providing a less expensive source 
of labor. The lower unemployment rates and higher relative wages in STEM 
occupations indicate the strong demand for STEM workers (U.S. Congress Joint 
Economic Committee, 2012).  
STEM Pipeline 
 “Not since the mid-1950’s has our nation faced a more serious shortage of 
skilled workers in science, technology, engineering, and mathematics fields” (ACT, 
2006).  The recruitment and retention process to funnel students and future STEM 
employees into education and training programs in science, technology, engineering, 
and mathematics fields is collectively referred to as the STEM pipeline. The term 
“pipeline” was introduced to the National Science Foundation (NSF) in the 1970’s and 
is a somewhat singular path whereby students discover and develop their interest in 
science, technology, engineering, and mathematics beginning in middle school, are 
encouraged and motivated throughout their high school experience resulting in their 
entrance into postsecondary education in pursuit of undergraduate degrees in STEM 
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majors that in turn lead to advanced degrees and training and eventual careers in a 
STEM field (Metcalf, 2010).  
 In fall 2013, approximately 55.3 million students will attend public or private 
elementary and secondary schools and a record 21.8 million students are expected to 
attend American Colleges and Universities (Axelson, 2010). These numbers alone 
effectively demonstrate the one critical aspect of the STEM pipeline that is of concern: 
the number of skilled workers potentially available to pursue STEM occupations is 
limited based on access to higher education. There are leaks in the pipeline and the 
majority of these leaks occur from the 9th grade through entrance into the workforce 
following achievement of an undergraduate degree (Snyder, Dillow, and Hoffman, 
2009, Lowell, Salzman, Berstein, and Henderson, 2009, Maltese and Tai, 2011, 
Engberg and Wolniak, 2013). In this section of the literature review the STEM pipeline 
will be examined from three focal points: access, leaks, and response. Each focal point 
will be reviewed in light of three primary areas: K-12 education, higher education, and 
the STEM workforce.  
Access.  
K-12 education. As stated above just over 55 million students will engage in 
elementary and secondary education in the United States. According to data from the 
National Center for Education Statistics (U.S. Dept. of Education, 2011), about 1.3 
million children are expected to attend public prekindergarten this fall; a number that is 
projected to reach 3.8 million by 2021. All of these students are potential contributors to 
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the STEM workforce but the reality is that few of them will persist in the STEM 
pipeline.  
Preparation. Access to the STEM pipeline for students in K-12 education begins 
early; some data suggests that students make up their minds by fifth grade if they like 
math and science (Axelson, 2010). Access to the STEM pipeline is widest at the K-12 
level where education is centered on preparation and motivation that will carry students 
through to high school graduation and entrance into a college or university. Preparation 
for college must overcome three primary obstacles: math and science preparation, social 
and emotional development, and knowledge of and access to opportunities.   
 In recent years the United States K-12 education system has been scrutinized for 
a lack of proficiency in preparing students sufficiently in math and science (Business, 
2011, Hossain and Robinson, 2012, California Council on Science and Technology, 
2009, ACT, 2006). According to ACT (formerly American College Testing) data fewer 
than half of all 12th grade test takers met the college readiness benchmarks in math and 
science; numbers were particularly low in math proficiency for Students of Color 
(Business, 2011, Lyon, Jafri, and St. Louis, 2011). Table 1 illustrates data reported by 
the National Center for Education Statistics (Aud et al., 2013) showing the percentages 
of students in 2000, 2005, and 2009 who were able to demonstrate proficiency of math 
skills in the fourth and eighth grades.  
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Table 1 
Percentage of Students to Achieve Math Proficiency in 4th and 8th Grades in the 
Years 2000, 2005, and 2009 
Year  4th Grade 8th Grade 
2000 22 25 
2005 35 28 
2009 38 33 
National Center for Education Statistics (Aud et al., 2013). 
 
 
In 2009 38% of fourth graders and 33% of eighth grades performed at or above the 
proficient level in math; an increase from 22% of 4th grades and 25% of 8th graders in 
2000 and 35% or 4th graders and 28% of 8th graders in 2005. For science, 32% of 4th 
graders and 29% of 8th graders were reported to be at or above the proficient level in 
2009. State averages for science proficiency ranged from 17-47% for 4th graders and 15-
43% for 8th graders.  According to the National Math and Science Initiative U.S. 
students recently finished 25th in math and 17th in science in the world compared to 31 
other countries (2013).   
 In addition to the critical foundation in math and science, social and emotional 
development is essential. Skills such as leadership and decision making allow student to 
develop relationships with professionals such as teachers, counselors, and scientist 
while progressively learning content knowledge and career requirements. Development 
of self-awareness can help them make informed decisions about what they are interested 
in and why (Lyon, Jafri, and St. Louis, 2011). Purposeful relationships with people 
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known to influence student’s decisions such as the students’ parents, teachers, 
counselor, and friends are meaningful (Hossain and Robinson, 2012). When combined 
with experiences to engage with and learn from professionals in science and scientist 
these relationships can foster socioeconomic skills, such as communication, self-
confidence, self-efficacy, teamwork, cooperation, and leadership “not only help 
students to learn about science but also to translate their experiences into future 
aspirations and achievements” (Lyon, Jafri, and St. Louis, 2011). 
Motivation. Students who do not find personal meaning or relevance in STEM 
will not pursue it beyond what is required in their school curriculum (Lyon, Jafri, and 
St. Louis, 2011). Several sources site fewer than 1 in 3 college bound high school 
seniors are interested in STEM as a college major (Business, 2011, Hossain and 
Robinson, 2012, ACT, 2006). Stem education is failing to motivate American citizens 
to attain skills and knowledge required to meet the challenging economic and leadership 
needs (Hossain and Robinson, 2012). Students must be engaged in hand’s-on projects 
and allowed to experience science in a way that the student can deem relevant (Axelson, 
2010, Lyon, Jafri, and St. Louis, 2011, Maltese and Tai, 2011). When students are 
motivated through direct participation and can engage in an authentic, personally 
meaningful experience with an adult who can share their personal experiences with the 
student, the experience serves as a building block for development and the creation of 
social capital for the student (Lyon, Jafri, and St. Louis, 2011, California Council on 
Science and Technology, 2009). Students need to be inspired beginning in middle 
school through coursework and engaged in extracurricular activities focusing on honing 
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problem-solving skills in the high school grades to motivate them to continue to explore 
STEM as a career options and to see themselves in these roles. (Hossain and Robinson, 
2012). When connections are able to be made through ongoing conversations between 
teachers and counselors and students and their families, the motivation that may have 
begun can be perpetuated and common misconceptions about STEM studies requiring 
significantly more investment and work can be dispelled (Lyon, Jafri, and St. Louis, 
2011, Hossain and Robinson, 2012).  
Opportunity. Knowledge of opportunities to explore STEM fields and persist in 
the STEM pipeline beyond high school graduation is critical. This is especially true for 
first generation college students who may not be aware of the opportunity to attend 
college or if aware may not begin to explore the opportunity until late in high school 
(Lyon, Jafri, and St. Louis, 2011). In their report, Beyond the Pipeline, Lyon, Jafri, and 
St. Louis (2011) note an interesting aspect of opportunity; for many students 
opportunity is sporadic. They indicate that students who participate in engaging 
programs are more likely to graduate high school, go to college, and major in science 
than their peers but their ability to participate is influenced by a number of factors 
including registration fees, lack of transportation, competitive application process, poor 
literacy skills, etc. Knowledge of opportunities is not consistently communicated to 
students and programs are not designed in a non-linear fashion so that students who 
may rediscover their interest in science and are able to start at a later time in programs 
that do not require prerequisite knowledge.  
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Higher Education. The ability of students to earn a college degree is believed to 
be a critical component of the STEM pipeline that provides talent that will fuel 
America’s competitive ability (Business, 2011). There are significant challenges 
associate with students’ abilities and interest in persisting through the section of the 
STEM pipeline that transitions from high school to college. For many students these 
challenges begin with access. The challenges that will be reviewed in this section are 
high school graduation rates, selection of STEM as a major, and the ability of 
institutions of higher education to foster and maintain student’s motivation and interest 
in STEM as a career path.  
High school graduation. High school graduation is a necessary step for students 
to persist in the STEM pipeline and make the transition from high school to higher 
education. According to the National Science Board, Science and Engineering 
Indicators, 2012 report, “nationwide, 87.1% of the early- to mid-career population had 
at least a high school credential in 2009, a slight increase from the 85.0% who held such 
a credential in 2000.” Based on data collected from the Census Bureau, 2000 Decennial 
Census, Population Estimates Program and American Community Survey in various 
years, the National Science Board reports that the percentage of graduates 25-44 years 
old in the United States was 85% in 2000, 85.5% in 2005, and 87.1% in 2009. These 
percentages were slightly higher for the state of Missouri with 87.7, 88.0, and 89.4% 
reported respectively or the same time frames (2012). The National Research Council 
reported that the United States has fallen from first to eleventh place in the OECD in the 
fraction of 25-34 years old that has graduated high school (Chen and Weko, 2009).  
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The National Science Board reported that based on a report in 2010 from the 
Commission on the Future of Gradate Education in the United States, there were three 
main challenges facing graduate education and the U.S. educational system as a whole. 
First, it is predicted that a larger number of children will be entering schools coming 
from families with less education. As a consequence the number of students prepared 
with the requisite math and reading skills to pursue higher education may be limited. 
Secondly, population growth through 2015 will result for the most part from 
international immigration according to estimates by the Census Bureau. This will result 
in a growing number of first generation students many of whom are likely to require 
additional educational preparation. And lastly, the number of non-traditional students 
(students who are older, working adults) is growing. This population may see graduate 
education as a way to improve their employability rather than a way to prepare for a 
first career.  
Choosing STEM as a College Major. According to data presented by Hossain 
and Robinson (2012), only 15% of college students choose STEM as a major. The 
National Science Board (2012) reported that “between 1972 and 2007, about one-third 
of all freshman planned to study science and engineering (S&E); this proportion 
gradually rose to 38% by 2010.” Studies indicate that enrollment, achievement, and 
attitude are associated with pursuit of STEM majors (Maltese and Tai, 2011). A review 
of the literature indicates three primary reasons why students graduating from high 
school may not choose STEM as their college major. The first is the belief that they will 
not be paid adequately once they complete a degree and enter the STEM workforce 
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(Hussain and Robinson, 2012, U.S. Dept of Labor, 2007, Maltese and Tai, 2011). 
Metcalf (2010), cited a study from the American Society for Cell Biology which 
indicated that when “expected lifetime earning of biosciences were compared with 
those of MBA recipients from the same university, the study’s conservative estimates 
indicate a lifetime earnings differential of $1 million exclusive of stock option.” The 
second, that the overall time to pursuing STEM including raining and opportunity costs 
may dissuade students because it leads to starting a career, and often a family, at a later 
age when compared to other fields (Metcalf, 2010). And third, self-efficacy, student’s 
belief that they are prepared and will succeed is low. This is especially true for minority 
and female students and will be discussed in greater detail in a later section.  
Motivation. There is a measure of disconnect between high school and college 
and nowhere is this more true than when the influence of teachers are considered 
(California Council on Science and Technology, 2009). Maltese and Tai (2011) 
reported that many students entering college with plans to major in STEM did so 
because of “positive experiences in high school science”. They further commented that 
“once matriculated, many students reported leaving the sciences because they lost 
interest or had negative experience in their college courses.” Students who felt they had 
strong ability in science, and felt courses where challenging were more likely to report 
plans for enrolling in advanced STEM coursework (Maltese and Tai, 2011). Studies by 
Maple and Stage, 1991, Trusty, 2002, and Ware & Lee, 1988 as reported by Maltese 
confirm these findings and indicate the importance of enrollment, achievement, and 
attitudes as associated with pursuit of STEM majors. In particular , with regards to 
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teachers in the K-12 education system, Hossain and Robinson (2012) remarked that 
“teachers who educate elementary to high school students get their information and 
attitudes about STEM disciplines from college and university level courses taken in 
teacher education programs.” Motivating students in college and finding ways to foster 
their interest in STEM is critical to their persistence in the STEM pipeline.  
Workforce. There is wide consensus that the United States position as a global 
STEM leader is eroding. The National Science Board estimates the U.S. S&E 
workforce totaled between 4.8 and 6.4 million people (2012). Growth in this specific 
population of the workforce has grown from about 182, 000 workers in 1950 to over 5.4 
million in 2009 (National Science Board, 2012). Although difficult to predict, "the U.S. 
Bureau of Labor Statistics occupation projections, for the period 2008-2018, suggest 
that total employment in occupations that NSF classifies as S&E will increase at more 
than doubled the overall growth rate for all occupations" (National Science Board, 
2012). The Board also provided statistics related to unemployment reporting that "in 
general, those who hold S&E degrees or those working in S&E occupations have had 
lower rates on unemployment than other college graduates and much lower rates than 
those without a college education”. The report stated that unemployment rates in S&E 
are less volatile than for other groups and that current unemployment rates of 1.3 
percent to 4.3 percent contrast favorably with rates for all U.S. workers (4.0 percent to 
9.6 percent). The report examined wages for S&E workers noting that the estimated 
annual wage of individuals in S&E occupations are considerably higher than the 
average of the total workforce. Median annual wages in 2010 in S&E occupations were 
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reported at $75,820, more than double the median $33,840 for all U.S. workers. Despite 
projected growth, low unemployment, and higher wages, the ability of the U.S. to fulfill 
the growing demand for STEM workers is troublesome. This section will provide a 
review of literature from the same perspective of access, leaks and response as used in 
previous two sections.  
The STEM workforce challenge as presented by the U.S. Department of Labor 
in 2007 confirms growing consensus that the long term key to continued 
competitiveness is "adequacy of supply and the quality of the workforce in STEM 
fields." Access to the workforce pipeline will not be sufficient to fill the demand and the 
U.S. must begin to face challenges to access such as low numbers of U.S. born students 
entering the pipeline, low degree completion rates of those transitioning through the 
pipeline, and a lack of training that meets the needs of employers at all stages of the 
pipeline (Business, 2012, U.S. Dept. of Labor, 2007, Hossain and Robinson, 2012). 
Access through the traditional STEM pipeline begins in the U.S. with students who 
enter the K-12 education system results in an ever decreasing pool of potential STEM 
workers. The Science and Engineering Indicators, 2012 report (National Science 
Board), included data from 2009 indicating 48 million individuals between the ages of 
25 and 64 held bachelor’s degrees in the U.S. Data from 2010 indicates that 
approximately 4 percent (about 5 million people) worked in occupations classified as 
S&E. In order to fulfill the ever increasing demand for STEM workers the U.S. must 
capitalize on foreign born STEM students in addition to those born in the U.S. 
(Partnership for a New American Economy, 2012). There is already evidence to suggest 
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that the U.S. is largely dependent on foreign nationals to meet the current STEM 
workforce demands (Business, 2012, Hossain and Robinson, 2012).  
Historically the STEM pipeline has been viewed with a single access point K-12 
education. Although all STEM workers have passed through K-12 or a similar 
educational experience, it is critical, now more than ever to consider ways adults 
already in the workforce and youth moving toward employment will be provided with 
means to enter the pipeline in addition to those with baccalaureate and advanced 
degrees (U.S. Dept. of Labor, 2007). The STEM Workforce Challenge report by Jobs 
for the Future (U.S. Dept. of Labor, 2007), noted that "getting more Americans ready 
for, interested in, and sufficiently skilled to be productive in STEM-related jobs will 
require attention to segments of the workforce that are often overlooked in STEM 
discussions". Incumbent workers who need skill upgrading, dislocated workers who are 
trying to find new jobs in industries with a future, and individuals from groups 
traditionally underrepresented in STEM fields all hold potential as STEM workers but 
must be made aware of opportunities to access the pipeline. 
Leaks. 
K-12 education. “It is the combination of engagement, capacity, and continuity 
that is essential to real progress (Lyon, Jafri, and St. Louis, 2011).” In reports exploring 
the STEM pipeline that traverses K-12 education there are two critical leaks, exclusion 
and motivation, that prevent some students for persisting to the next step.  
Exclusion. The first is the disproportionate exclusion of students who are 
dropped from the pipeline at “formative moments in their academic trajectory” (Lyon, 
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Jafri, and St. Louis, 2011). Students of color, girls, students from low socioeconomic 
backgrounds and from under-resourced schools and those struggling academically face 
barriers that “preclude not only unequitable participation but also opportunities to see 
themselves practicing as STEM professionals” (Lyon, Jafri, and St. Louis, 2011). 
Nationally there are many magnet programs that are largely responsible for developing 
much of the talent emerging from the public school system. These programs are not 
necessarily available to underprivileged students and are being cut due to budget 
restraints (Hossain and Robinson, 2012). A more thorough discussion of these 
populations follows in a later section. Direct barriers to participation such as 
“registration fees, lack of prerequisite knowledge, competitive application process, 
inability to demonstrate pre-existing interest in science, poor literacy skills, lack of 
transportation, and a dearth of accessible opportunities” (Lyon, Jafri, and St. Louis, 
2011).  
Motivation. The lack of motivation or interest of students for science fields is the 
second primary leak in the K-12 STEM pipeline.  Numerous resources across the 
literature point to the lack of motivation as directly related to teachers in the K-12 
education system (Business, 2011, Hossain and Robinson, 2012, U.S. Dept. of Labor, 
2007, Metcalf, 2010, California Council on Science and Technology, 2009, Lyon, Jafri, 
and St. Louis, 2011, National Science Board, 2012, Axelson, 2010, Maltese and Tai, 
2011, Engberg and Wolniak, 2013). Teachers of STEM subjects face inadequate 
support, including appropriate training and professional development, and interesting, 
challenging, and relevant curricula. They are inadequately prepared to teach math and 
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science and are not prepared to teach the “demanding curriculum needed for students to 
compete internationally” (Hossain and Robinson, 2012). There is little evidence to 
evaluate the quality of instruction teachers receive in stem content or stem pedagogy 
and they are forced to teach in a system that is dictating textbooks and classroom 
practices through tests that measure memorization and familiarity with definitions rather 
than any type of understanding or ability (Hossain and Robinson, 2012, California 
Council on Science and Technology, 2009). Additionally, the U.S. ranks in the bottom 
third of OECD countries in terms of teacher salaries and do not keep pace with salaries 
paid to other STEM professionals (Hossain and Robinson, 2012). All of the above 
which , according to Dr. Bruce Alberts, “conspire to bore disinterested students-many 
of whom are turning away from science and math before they ever have a chance to 
discover how exciting and relevant these subjects can be” (California Council on 
Science and Technology, 2009).  
Higher education. Leaks in the STEM pipeline are ubiquitous. These section 
will focus on two areas of the pipeline that affect the number of undergraduate degrees 
that are awarded. These areas are decisions to migrate from STEM to non-stem and 
barriers that result in students dropping out of higher education all together.  
Migration. According to the National Science Board (2012) the baccalaureate is 
the most prevalent S&E degree, accounting for about 70% of all S& E degrees awarded 
and roughly about one-third of all bachelor’s degrees for the past 10 years. According to 
data in the Science and Engineering Indicators 2012 report, in 2009 over 1.6 million 
bachelor’s degrees were conferred nationally in all fields, an increase of 29% from 
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2000, bachelor’s degree conferred in S&E Fields totaled 501, 000, 16.5% 
(degrees/1,000 individuals 18-24 years old) for the same time period. When compared 
to national numbers the state of Missouri’s ranks slightly higher at 16.7%, but the gap 
between the two has decreased over the past decade from a difference of 0.8 percent in 
2000 to a difference of 0.2 percent in 2009 (National Science Board, 2012).  OECD 
indicators show the United States ranking 27th among developed nations in the 
proportion of college students receiving undergraduate degrees in science or 
engineering (OECD, 2009).  
One of the most prominent reasons student migrate from STEM to non-STEM 
majors in college was discussed above in relation to the ability of students to remain 
motivated and interested. It is reported in the literature that less than half of the students 
intending to major in STEM fields will graduate with STEM degrees and more 
importantly for the purposes of this study, more than one-third leave between their 
freshman and sophomore year (Business, 2012). Student’s decisions to migrate away 
from STEM were discussed in the previous section on access.  
Leaving higher education. Students who are motivated and interested in 
pursuing STEM majors are not always able to overcome barriers that may result in 
students departing permanently or partially from higher education. Students run into 
obstacles including financial, disciplinary, personal, and medical that may facilitate 
their departure from higher education (Lyon, Jafri, and St. Louis, 2011). Institutions of 
higher education and government agencies have responded by devoting resources to 
addressing some of these barriers and these will be discussed in the next section. 
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Student development, both socially and emotionally can significantly impact a student’s 
ability to navigate these barriers and a review of student development theories will be 
presented in a later section of this chapter. 
Workforce. The STEM Workforce Challenge report (2012) listed three trends 
where overall supply and employment of STEM workers is being impacted: a large 
segment of the existing STEM workforce is approaching retirement age; women appear 
to be choosing non-STEM employment opportunities with increasing frequency, and 
reliance on immigration for meeting employer demand for skilled STEM workers has 
become increasingly problematic (U.S. Dept. of Labor, 2007, U.S. Joint Economic 
Committee, 2012). The baby boomers are approaching retirement age and this 
population is one of the largest sectors of the U.S. workforce. Their departure from the 
workforce will create shortages across the U.S. and will significantly impact STEM 
fields and the demand for workers to replace them. The percentage of women in the 
information technology (IT) workforce declined from a high of 41% in 1996 to 32% in 
2004, even as a percentage of women in the workplace as a whole remained steady at 
around 46% during that period as report by Information Technology Association of 
America 2005. In the wake of September 11, foreign immigration has become more 
complicated and visa processes have been tightened. The report noted that in addition to 
increased security measures in the U.S. that as other countries expand their STEM-
related economic growth, some who might have sought employment opportunities in 
the U.S. are able to find good jobs closer to home (National Science Board, 2012, U.S. 
Congress Joint Economic Committee, 2012).  
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In addition to the challenges noted the STEM Workforce Challenge report 
(2012) acknowledged that getting sufficient numbers of individuals qualified for 
advanced education in STEM is a challenge but that connecting qualified and skilled 
workers to jobs in their fields is also problematic, particularly in science and 
engineering. This is one place where the data becomes somewhat problematic. Large 
amounts of data is collected via census records where information is self-reported and 
may not accurately reflect the occupation when collected instead from a description of 
the work performed. A recent NSF report found that two thirds of workers with science 
and engineering degrees are employed in positions that are only somewhat or not at all 
related to their educational expertise (U.S. Dept. of Labor, 2007). Additionally, the U.S. 
Congress Joint Economic Committee (2012) reported that core competencies obtained 
by STEM Graduates are increasingly in demand by non-STEM employers and this has 
led to a growing number of STEM graduates working in non-STEM fields. It was 
further noted that specifically with regards to teachers, it has become challenging to 
attract and retain STEM-trained individuals to teach STEM subjects at the K-12 level 
when higher wages and employments opportunities outside of the education sector 
make working in a STEM profession an attractive alternative.  
Response.  
K-12 education. The response to access and leaks in the STEM pipeline 
associated with K-12 education have centered around three primary areas: proficiency, 
motivation, and knowledge. There is agreement that changes need to increase the 
alignment and between K-12 education and higher education. “The American Diploma 
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Project (ADP) Network is working with government and education leaders to improve 
student achievement by aligning high school academic content standards with the 
demands of college and careers by requiring all graduating student to have completed a 
college-and-career ready curriculum” (National Science Board, 2012). The role of the 
federal government is to provide support to state-led efforts. State governments are 
beginning to respond by raising state graduation requirements in math and sciences and 
developing curricula and quality assessments for STEM subject skills including 
common standards for STEM subjects. Data is being collected not only on proficiency 
of stem skills but also to begin examining willingness and ability of students to learn.  
The STEM industry has launched programs that target K-12 children and 
teachers offering programs that increase interest and motivation for STEM. Through the 
organization of fund-raising events with the community that increase budgeting and 
math skills, youth summer camps and after school programs, and science fairs more 
students are provided opportunities to be motivated to pursue science careers. The 
Society for Manufacturing Engineers, the American Chemical Society, the American 
Physical Society, the National Association of Manufacturers, and the National Science 
and Technology Education Partnership invest in STEM education initiatives that 
provide engaging opportunities for students and teachers that will help to build interest 
in STEM careers. These collaborative partnerships are furthered by the efforts of 
foundations such as Project Lead the Way, the Alfred Sloan Foundation, the Bill and 
Melinda Gates foundation and the Michael and Susan Dell foundation that promote and 
expand the enrollment and success of STEM education particularly among groups 
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traditionally underrepresented. As knowledge about STEM continues to grow the 
people with the most influence on students will be better able to talk about the 
requirements and information that will allow students to make better informed decisions 
about what is right for them.  
Higher education. As with K-12, higher education requires “new forms of 
collaboration among business and industry, higher education, and government to 
transform STEM higher education and boost the number of scientist, mathematicians, 
and engineers graduation from our colleges and universities” (Business, 2012). The 
ability to align higher education with national and regional STEM workforce needs and 
to deepen the relevance and content of undergraduate STEM education particularly in 
the freshman and sophomore years is critical (Business, 2012). Suggestions for change 
have included the development of research based courses, internships, redesigned 
courses and new methods of teaching STEM, and early career advising and mentoring 
(Business, 2012).  
Hossain and Robinson (2012) point out the significant need for the development 
of additional scholarships and financial support by the government and colleges and 
universities. They report that the United States federal government has pursued 
initiatives that if implemented by 2020, will have the potential to boost the U.S. back 
into the top ranks for the highest proportions of college graduates in the world. The U.S. 
Congress and Federal government are also looking at options to tax credits and grant 
programs that would make education in the U.S. more affordable (Hossain and 
Robinson, 2012). In addition, the Partnership for a New American Economy reported in 
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2012 that Congress was considering multiple bills to provide green cards for foreign 
students who earn advanced degrees from American universities in STEM fields which 
may trickle down to first degrees as well (Partnership for a New American Economy, 
2012).  
The future of STEM depends on improving the pipeline and providing access to 
STEM fields for sub-baccalaureate students as well as those with advanced degrees, for 
youth moving toward employment and adults already in the workforce. The federal 
government is additionally committed to working on setting specific goals to ensure 
recruitment, preparation, and support of at least 100,000 new middle and high school 
teachers with majors in STEM fields and strong content-specific pedagogical 
knowledge.  All of the programs above work to increase the knowledge of students, 
teachers, counselors, and parents about STEM skills, programs, education requirements, 
careers, and occupations.  
Workforce. Two agencies, the U.S. Government Accountability Office and the 
National Science and Technology Council have cataloged federal activities and issued 
recommendations for improving the impact of the federal investment in STEM 
education research with particular focus on the Department of Education, National 
Institutes of Health, and National Science Foundation. The Department of Labor, which 
coordinates a national public workforce development system has launched several 
initiatives including the Presidents High Growth Job Training Initiative, community-
based job training grants, Workforce Innovation in Regional Economic Development 
(WIRED), National Emergency Grants and Dislocated Worker funds, Interagency 
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Aerospace Revitalization Task Force, and InDemand Magazine (U.S. Dept. of Labor, 
2007). The Department of Labor’s Employment and Training Administration is 
working in “collaboration with multiple agencies across federal government, the state 
and local workforce investment system”, and other partners in the public and private 
sector to build the gateway to STEM careers, enhance the capacity of talent 
development institutions, and catalyze and support innovation, entrepreneurship, and 
economic growth (U.S. Dept. of Labor, 2007). In addition to focusing on the 
development of talent at home, in order to remain globally competitive, the U.S. will 
also need to look at policies that will help to ensure that skilled innovators regardless of 
country of birth will create new jobs and products here in America rather than 
elsewhere (Partnership for a New American Economy, 2012). This will include 
reexamining visa policies that currently require American trained foreign born students 
to leave the U.S. after completing STEM degrees and options to provide green cards for 
foreign student who earn advanced degrees in American universities to contribute to the 
U.S. demand for STEM workers (Business, 2012, Partnership for a New American 
Economy, 2012). Immigration focused strategies in addition to education focused 
strategies and the development of new tactics and tools are necessary and are the only 
way to strengthen the economy and leadership of the nation to grow the STEM 
workforce (Business, 2012, Hossain and Robinson, 2012).  
Women and Students of Color in the STEM Pipeline 
Access. U.S. Census Bureau information indicated that in 2000 minorities 
compromised approximately 30% of the population of the United States. According to 
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the “Minority Student Recruitment, Retention and Career Transition Practices: A 
Review of the Literature” report published by the American Speech-Language-Hearing 
Association (ASHA, 2014), by 2050, it is projected that the minority population will 
represent approximately 50% of the total U.S. population, meaning ethnically and 
racially diverse people may no longer be a numerical minority. Data from the U.S. 
Bureau of Labor Statistics indicate the minority labor force is an important source of 
labor in the 21 century and there is consensus that more needs to be done to prepare and 
recruit women and minorities into the STEM workforce pipeline. "College access and 
success among students of color in STEM is critically important to the nation’s 
economic competitiveness in the global economy as well as higher education equity 
agendas (Palmer, Maramba, Dancy, 2011).  
K-12 education. In the National Science Boards report “Science and 
Engineering Indicators, 2012”, math and science proficiency was reported for students 
completing examinations in the 4th and 8th grades.  Fourth grade math scores were 
reported with substantial gaps between minority and white students. From 2000 to 2009, 
the gap in mathematics scores between whites and blacks decreased from 30 points to 
26 points and between white and Hispanics from 26 points to 21 points. The gap in the 
number of students able to demonstrate proficiency in mathematics was also substantial. 
In 2009 only 38% of all students were able to demonstrate proficiency in math. The gap 
between white and black students increased from 26% to 35% and likewise increased 
from 23% to 29% between white and Hispanic students. When similar statistics are 
examined for science, the gaps follow similar but wider disparities. These trends 
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continued and narrowed slightly for eighth graders. Differences between male and 
female students in math were narrower with male students earning 2 points higher on 
math scores and a 3 percent higher proficiency rate in both the 4th and 8th grade. In the 
sciences however, the difference between 4th and 8th grade scores and proficiency 
increased for males. In 4th and 8th grades male students scored 1 and 4 points higher 
respectively on science performance and increased the gap in science proficiency from 
3 percent to 6 percent over the same time period. High school date reported from the 
National Science Board (2012) indicated that in 2009, females and males earned 
approximately equal credits in advanced mathematics (1.7 credits) with slightly higher 
difference between white (1.8) and Hispanics (1.3) and blacks (1.4) ( Maltese and Tai , 
2011).  
Higher Education. Community colleges provide a critical access point for 
students entering higher education. Students who may not need additional preparation 
or are looking for cost savings may consider attending a community college prior to 
transferring to a four year degree program. According to data collected by the National 
Science Board (2012) from various sources, 46% of S&E graduates from 2008 reported 
attending community college, with nearly 75% reporting their primary reason for 
attending the community college was to earn credits for a bachelor’s degree. A 
breakdown of the population attending community colleges was reported as 49% 
female, 53% Hispanic and 51% Black.  
The gap in educational attainment between young minorities and white 
continues to be wide (U.S. Congress Joint Economic Committee, 2012).  According to 
51 
 
statistics from the National Science Board (2012) the percentage of the population ages 
25-29 with bachelors or higher degrees was 19% for Blacks, 12% for Hispanics, and 
37% for Whites in 2009. In 2010, about one of every three White, Black and Hispanic 
freshman in college reported that they intended to major in S&E (National Science 
Board, 2012). Between 2000 and 2009 the proportion of S&E degrees awarded to white 
student has declined from 71% to 66% although the number of degrees awarded has 
increased during that time. The proportion awarded to Hispanic students increased from 
7 percent to 9 percent and has remained flat since 2000 for black students. Other data 
suggest that roughly equal percentages of White, Black, and Hispanics students who 
complete college earn degrees in STEM (Tyson et al as referenced by Maltese and Tai, 
2011). Differences in completion of bachelor’s degrees in S&E by race/ethnicity reflect 
difference in high school completion rates, college enrollment rates, and college 
persistence and attainment rates (U.S. Congress Joint Economic Committee, 2012). In 
2009, 48% of graduate students were women and Students of Color accounted for only 
12% of students enrolled in graduate S&E programs. Women continue to earn about 
half of all S&E masters degrees and slightly less than half of S&E doctorates (Maltese 
and Tai, 2011). The proportion of masters degrees earned by blacks and Hispanics was 
reported as 10 percent and 7 percent respectively, both increasing from 8 percent and 5 
percent in 2000, and the proportion of doctorate degrees awarded to blacks and 
Hispanics was reported as 1, 451 for Blacks and 1, 335 for Hispanics, accounting for 
approximately 7 percent of all S&E doctorates earned in 2009.  
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According to updates from the American Council on Education (ACE) the 
gender gap in undergraduate education is believed to have stabilized based on variables 
such as race, ethnicity, age, income, and finances. The National Science Board reported 
that the distribution of enrollment and undergraduate degrees by gender and age has 
remained consistent since 2000 and the number of degrees awarded to both men and 
women are on the rise. The group did however report one exception, Hispanics. Despite 
large increases in the number of degrees awarded, bachelor degrees awarded to male 
Hispanic students is the lowest of any major racial/ethnic group. Foreign born Hispanic 
male immigrants represent one out of every three Hispanic young adults and complete 
high school and college at rates that have consistently been reported as low since the 
mid-1990’s.  
Of particular interest with respect to minority students, it is persistence of 
unequal educational outcomes with the context of a history of exclusion, discrimination, 
and educational apartheid in postsecondary education (Bensimon, 2007). Research in 
2009 by Harper, Patton, and Wooden "confirmed that too few African Americans are 
offered access to the socioeconomic advantages associated with college degree 
attainment." This research team additionally summarized a laundry list of contributors 
into two categories: enrollment declines, funding inequalities, and forced HBCU 
desegregation and access, affirmative action, and race-based admissions policies at 
PWI's, noting that all of these "continually manufacture insufficient access and equity 
barriers for those who could ultimately benefit from college participation" In addition to 
institutional barriers, personal barriers such as financial difficulties, lack of financial 
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aid, the need to work full-time, lack of family support, lack of information about college 
preparation, applications, and college admissions test, and absence of role models who 
have gone to college also contribute to unequal access for minority students (ASHA, 
2014).  
Workforce. An overview of the demographics of the S&E workforce from the 
National Science Board (2012) notes that women constitute 38% of employed 
individuals with a highest degree in an S&E field in 2008, but their proportion is 
smaller and unequally distributed in most S&E occupations. Hispanic and black STEM 
workers make up only about 9% of the S&E workforce (U.S. Congress Joint Economic 
Committee, 2012). Disparities by gender continue to be wide but increases have been 
made by women whose numbers have increased from 27% in 2008 up from 23% 
reported a decade ago. Women in S&E occupations are reported to be more likely than 
men to classify themselves as being associated with a non-white racial/ethnic group. 
Interestingly, attrition from STEM was lower for females than for males, but male 
students outnumber females roughly two to one in STEM (Maltese and Tai, 2011). Four 
primary barriers to entry for African American and other underrepresented groups in 
STEM careers are lack of role models and networking opportunities, information gap, 
the perception of STEM as a career option for white males, and the lack of commitment 
from practice and the academy (Payton, 2004).  
Whether defined by occupation, S&E Degree, or a combination of both, the 
majority of scientists and engineers in the United States are non-Hispanic white or 
Asian. Minority groups including Blacks and Hispanics are reported to have low levels 
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of participation in science and engineering occupations both compared with other 
groups, their proportion of the general working-age population and the general 
population with a college degree (National Science Board, 2012). Minority group 
participation in S&E occupations is disproportionate with the highest percentage 
concentrated in the social sciences (sociologists, anthropologists, and psychologist), and 
computer support specialist and statisticians (National Science Board, 2012). These 
populations are also reported to have the highest unemployment rate for S&E Degree 
holders (5.2 percent for Hispanics and 5.1% for blacks).  
Women and minority groups generally receive less pay than their male and 
white counterparts according to data collected by the National Science Board (2012). In 
2008, the median salary reported for women with the highest degree in and S&E field 
working full time was one-third lower than the median salary for similar men. The 
salary difference are greater for those not working in S&E fields and are about 18% 
lower than men’s for those working in S&E occupations. Racial/ethnic differences are 
smaller than between gender differences and are reported for 16% less for blacks and 
14% less for Hispanics with a highest degree in an S&E field when compared to similar 
whites, with slightly more modest differences when compared with workers in S&E 
occupations. Interestingly, reports on salary differences are highest among those with 
bachelor’s degree with no difference reported at the master’s level of higher when 
controlling for occupation and experience. African Americans are largely employed in 
lower paying, lower status positions that require less education and technical aptitude 
(Payton, 2004).  
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Leaks. 
Women. Women may be particularly unlikely to pursue STEM as a result of 
gender and cultural norms (U.S. Congress Joint Economic Committee, 2012). Gonzalez 
and Kuenzi (2012) state that scholars debate the causes of gender disparities to family 
formation and child rearing, gendered expectations, lifestyle choices, career preferences, 
and personal choice. Family roles of wife and mother are associated with lower salaries 
for women with many women between the ages of 30 and 55 with S&E degrees who 
were not in the labor market identified family reasons as an important factor. (National 
Science Board, 2012). There is data to suggest that evidence for the argument that 
women are unequally held responsible for household duties still exists (Metcalf, 2010). 
Women have also been reported to experience a decline in interest over time as 
described by Metcalf (2010). This decline in interest has been termed “cooling out” and 
is commonly explained using the “chilly climate” metaphor. Metcalf states the “chilly 
climate” is an environment that “discourages people already under environmental stress 
(women and people of color) from remaining”. Within this age range, women were also 
much more likely than men to report that they did not need to work or did not want to 
work (National Science Board, 2012).  
The notion of a universal gender experience among women, without considering 
the differential experiences of women of color or the effects of racial privilege for white 
women further marginalizing and perpetuating an already alarming construct of 
oppression and discrimination based on their race or ethnicity and gender (Johnson, 
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2011, Wadesango, Chabaya, Rembe, and Muhuro, 2011). Data indicate that as 
undergraduate students, women of color express greater intention to major in STEM at 
the start of their freshman year of college than white. Statistics from the National 
Science Foundation indicate that women of color from underrepresented groups earned 
6.1 percent of all bachelor’s degree awarded in STEM in 2008 and also have the lowest 
rate of STEM persistence among all students in STEM (Johnson, 2011). At the masters 
level nearly 33% of all STEM degrees were earned by women; 13.6% white, 1.7 
percent black, 1.3 Hispanic. Among doctorates conferred in STEM fields in 2008, 
37.4% were earned by women: 25.6 percent white, 2.1 percent black, and 1.8 percent 
Hispanic. A review of research by Johnson (2011) revealed the following factors related 
to STEM persistence for women of color include high school level math scores (SAT), 
grades from high school, parental level of education and employment in a STEM field, 
and having plans to attend graduate school in a STEM Field. Johnson (2011) 
commented that women of color are “the least recognized and valued, and the most 
invisible and marginalized, among underrepresented groups in STEM”. As a group 
women of color experience numerous instances of racism and sexism in the educational 
environments and experience isolation from peers and a lack of support from faculty 
leading to feelings of exclusion. (Johnson, 2011, Wadesango, Chabaya, Rembe, and 
Muhuro, 2011). Outside of academia, Johnson (2011) noted that the culture of science is 
a meritocracy that is seen as competitive, difficult, and intellectually superior to other 
academic and professional fields because of the required technical and scientific 
expertise and that these values stood in sharp contrast to the cultural values of women 
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of color who strongly identified with their racial, ethnic and cultural backgrounds, 
making is difficult to navigate the STEM environments. Johnson (2011) further notes 
that the socioeconomic realities of many women of color necessitated working long 
hours to pay for college and support their families, and commuting from home rather 
than living on or near campus, which in turn affected their ability to participate in study 
groups, internships and other research experiences.  
Blacks. Non-cognitive, contextual, and socio-cultural factors, as reported by 
Smedley, Myers, and Harrell (1993) may be differentially associated with the college 
adjustment and performance for minority students. They reported that "African 
American students are more likely to view predominantly White campuses as hostile, 
alienating, and socially isolating, and as less responsive to their needs and interests". 
They concluded that minority students evidenced "considerable psychological 
sensitivity and vulnerability to the campus social climate; to interpersonal tensions 
between themselves and White students and faculty; and to experiences of actual or 
perceived racism, racist attitudes and expectations, and discrimination". Further, these 
students experienced "heightened concerns over their academic preparedness, questions 
about their legitimacy as students at the university, perceptions of negative expectations 
from White peers and from the faculty, and concerns over parental/family expectations 
and lack of understanding of the peculiar demands of attending a highly competitive 
university" (Orchowski, 2009).  
Black and Hispanic students, students with low-income, and students whose 
parents have less education enroll in college at rates lower than their counterparts 
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(National Science Board, 2012). Black students report lower levels of satisfaction with 
racial climate and perceive differential treatment on the basis of race more frequently 
that do their Asian American, Latino, Native American and White peers (Harper and 
Hurtado, 2007). The literature calls attention to the "pervasiveness of Whiteness" and 
the "isolation, alienation, and stereotyping with which these students are often forced to 
contend on campuses where they are not the majority (Harper and Hurtado, 2007)" 
(Orchowski, 2009). Perceptions of intellectual inferiority are more pronounced among 
black students (Harper and Hurtado, 2007) and a recent report by the National Bureau 
of Economic Research found that students who are interested in a science major, but not 
academically prepared for challenging classes often struggle in college science classes. 
"Disappointed and discouraged they opt out of their planned STEM majors for courses 
that may prove less difficult" (National Math and Science Initiative, 2013).  
Discrimination is not exclusively an issue at the undergraduate level; a report presented 
by the Council of Graduate Schools (CGS) implied that practices that contribute too 
many aspects of inequality extend into advanced education programs at the masters and 
doctorate level (Orchowski, 2009).  
Hispanics. It is estimated that Hispanics will comprise 30% of the U.S. 
population by 2040 and will be the majority in several states (U.S. Census Bureau, 
2008). The number of Hispanics enrolling in STEM fields is increasing but continue to 
show a disproportionately low number of students who persist in STEM. The 
discrepancies exist not only at the undergraduate level, but also at the masters and 
doctorate level. Minority Serving Institutions (MSI's) have been identified as key 
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intermediaries too improve the availability, quality, and diversity of the STEM pipeline. 
Due to the large concentration of Hispanic students in community colleges, over half of 
all HSIs are community colleges.  
As with other underrepresented student populations in STEM, K-12 academic 
experiences, cognitive, and socio-cultural factors influence Hispanics student’s decision 
to major in STEM as undergraduates. In previous studies of Latino students, Harper and 
Hurtado (2010) note that even talented Latino students have difficulty adjusting to 
college when they believe the campus majority perception is that they are there under 
special admission considerations. Hispanic students are more likely to experience 
teachers who are less prepared or inexperienced resulting in less challenging in STEM 
areas. Less than half of Hispanic students who graduate from high school qualify to 
enroll at four year institutions immediately following graduation, as a result, the 
majority of Hispanic students attend a community college, thereby decreasing their odds 
of majoring in STEM. Self-efficacy continues to be a strong predictor of persistence in 
STEM for Hispanic students, and as with other populations, this continues to be 
reported at a lower level in math and science when compared to white students. Peer 
influence and family support are reported to be strong factors affecting student’s 
decision to pursue STEM as a career option and in their decision to persist in a STEM 
education program. Marriage plans were found to have a negative impact on the 
probability of majoring in a STEM field for Hispanic women. Gender serves as a 
powerful and robust predictor of choice of college major for minority students and this 
holds true for Hispanic students. Work by Cole and Espinoza (2008) found gender 
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predicted college grade point averages among STEM majors and this relationship 
between college grade point average and whether or not Hispanic students earn a STEM 
undergraduate degree is strong. Time required to complete the degree and availability of 
adequate financial aid continue to be barriers for Hispanic students in accessing higher 
education in STEM fields.  
Response.  
An examination of the literature points to a continued need to plan, design, and 
deliver new and innovative programs that will continue to build upon the work already 
begun. Harper, Patton and Wooden (2009) conclude that "to characterize the current 
status of African Americans as inequitable would be a gross understatement". The 
solution to the workforce challenge has been argued is to increase or broaden the 
participation of women and ethnic and racial minorities in STEM education and 
employment (Gonzalez and Kuenzi, 2012). There is not widespread agreement on the 
priority of programs or program funding to address the racial and ethnic achievement 
gaps in STEM education in K-12 and higher education but numerous recommendations 
have been forwarded. Policy solutions have also been widely proposed. In an 
examination by the National Academies several priorities were established to guide 
congress in their decision making process to forward this agenda. The priorities 
included increased financial support for minority undergraduate STEM students, 
improved teacher preparation, more and better advanced courses and academic advising 
for minority K-12 students, improved transition to graduate school for minority 
undergraduate students in STEM, and increased availability of research assistantships 
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for minority graduate students in STEM. Programs and information to increase parent’s 
knowledge of pre-college academic preparation, college requirements and degree 
programs are needed. The Parents and Counselors Together (PACT) program of the 
National Association for College Admission Counseling is one program working on this 
initiative (ASHA, 2014).  
A review of the research literature on effective strategies suggest that what has 
been found to be effective for Students of Color overlaps with what is known to be 
beneficial for the overall student population in terms of a range of desired student 
outcomes. This is an important point because it means that schools and departments can 
largely focus their efforts on pursuing a set of strategies that benefit not only 
underrepresented students of color, but also, the STEM student body at large. Tsui 
(2007) indicates this point is particularly salient because intervention programs for 
minorities are increasing called into question and even legally challenged.  
The number established programs specifically developed to recruit and prepare 
women and minority students into STEM are too numerous to count. Programs range 
from the federal level to grass-root efforts established in small rural communities. "Over 
the past forty years, STEM policies and programs have claimed goals of equity, 
diversity, increased representativeness, and access, yet little headway has been made 
(Melcalf, 2010)." Harper and Hurtado (2007) note that "merely reporting outcomes, 
however, keeps the source of racial inequalities undisclosed and does not result in 
better, more inclusive climates for learning" and that "despite fifteen years of racial 
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climate research...themes of exclusion, institutional rhetoric rather than action, and 
marginality continue to emerge from student voices".  
Theoretical Framework 
Student Development Theory. Psychological theories are centered on 
characteristics and development of the student. Based on personality types and/or 
developmental stages, these theories seek to identify students where they are in terms of 
pre-defined categories or phases that inform college and university personnel, from 
admissions counselors to advisers, enabling them to better understand students’ needs 
and provide more appropriate programming and services. Essential services are directed 
toward ensuring students success and personal development. Chickering’s Theory of 
Identity Development, Perry’s Theory of Intellectual and Ethical Development, and the 
Myers-Briggs Adaptation of Jung’s Theory of Personality type will be examined as 
presented by Evans, Forney and Guido-DiBrito in Student Development in College 
(1998).  
Chickering’s theory of identity development. Chickering’s theory of identity 
development is classified as a psychosocial and identity development theory and was 
first outlined in Education and Identity in 1969. Initially designed for use by college and 
university faculty, the use of this theory has come to offer significant insight and 
usefulness as a tool across campuses. In collaboration with Linda Reissner, Chickering 
significantly revised his theory in 1993 to incorporate new literature, critique, the work 
of new theorist, and to make the work more inclusive of various student populations. 
Seven vectors of development were proposed that contribute to the formation of 
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identity: (1) Developing Competence (intellectual, physical, and manual skills), (2) 
Managing Emotions (recognition, acceptance, appropriate expression, and control), (3) 
Moving Through Autonomy toward Interdependence (increased emotional 
independence, recognition and acceptance of interdependence and interconnectedness to 
others), (4) Developing Mature Interpersonal Relationships (development of 
intercultural and interpersonal tolerance and appreciation, and the capacity for healthy 
and lasting intimate relationships), (5) Establishing Identity (acknowledges difference in 
identity development based on gender, ethnic background, and sexual orientation), (6) 
Developing Purpose (establishing clear vocational goals, making meaningful 
commitments to personal interest, and establishing strong interpersonal commitments), 
and (7) Developing Integrity (humanizing values, personalizing values, and developing 
congruence and authenticity). Each stage builds on the one proceeding to some extent. 
Chickering notes that students move through the vectors at different rates, that the 
vectors can interact with each other, and that students often find themselves 
reexamining issues associated with vectors they previously had worked through.  
Chickering argues that educational environments exert powerful influences on 
student development and further identified seven key factors (institutional objective, 
institutional size, student-faculty relationships, curriculum, teaching, friendship and 
student communities, and student development programs and services) underscored by 
three principles: integration of work and learning, recognition and respect for individual 
differences, and acknowledgement of the cyclical nature of learning and development. 
Assessment tools such as the Student Developmental Task and Lifestyle Inventory 
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(SDTLI), developed by the University of Georgia, and similar instruments designed by 
the University of Iowa, although used extensively, are limited both in completeness of 
the developmental picture and demographic relevance. Research on the validity and 
relevance of this model would suggest that the practical applications of Chickering’s 
theory are more consistent with the shift to institutional efforts as opposed to student 
deficiencies. Proactive and intentional interventions, programming priorities, and 
assessment of effectiveness are the stated primary applications. Such applications, 
developed or influenced by conclusions drawn from data collected through the 
associated assessment tools and analyzed in light of the theory provide evidence 
supporting the previous statement.  
 Assessment of the validity of Chickering’s theory calls into question the 
usefulness of the available assessment tools for use outside of the traditional college 
(seventeen to twenty-four year old) age group. Additional questions regarding 
differences in student demographics have also been addressed.  The age at which 
development of mature interpersonal relationships and autonomy develop in women, 
the role of assimilation, acculturation, and cultural awareness on the development of 
identity in various racial and ethnic groups, and the effects of the development of sexual 
identity in non-heterosexual populations, as there is evidence to suggest that this may 
retard other components of psychosocial development for these groups, would support 
such questions and the potential need for alternative evaluation models and assessment 
tools for these populations.  
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Perry’s theory of intellectual and ethical development. Perry’s theory of 
intellectual and ethical development is classified as a cognitive-structural theory. 
Perry’s work is grounded on the work of Piaget and Kohlberg and seeks to examine 
how students interpret and make meaning of the teaching and learning process. Nine 
“positions” guide these examinations: 1-Basic Duality, 2-Multiplicity Prelegitimate, 3-
Multiplicity Legitimate but Subordinate, 4a-Multiplicity Coordinate, 4b-Relativism 
Subordinate, 5-Relativism, 6-Commitment Foreseen, and 7-9-Evolving Commitments.  
Four key terms, dualism, multiplicity, relativism, and commitment, are the premise 
upon which Perry’s nine “positions” are posited. Dualism refers to the dichotomous 
world-view mode of making meaning generically seen as right and wrong or good and 
bad. Multiplicity refers to the acceptance of diverse views, and as developed, lends 
legitimacy to peer knowledge and analytical thinking by the individual. Relativism is a 
transition from multiplicity leading to the recognition that not all opinions or 
information are equally valid, that reasonable people can legitimately disagree, and that 
knowledge should be based on evidence and supportive arguments. Commitment, as 
identified by Perry, can be viewed as initiating ethical development, and involves a 
process of choices, decisions, and affirmations. Perry posits that within and among the 
nine “positions” there needs to be allowance for temporizing or “time-outs” to allow for 
lateral growth or development within a particular stage.   
Assessment of Perry’s theory includes an array of tools. The Measure of 
Intellectual Development (MID), developed by Knefelkamp and Widick, and the 
Measure of Epistemological Reflection (MER), developed by Baxter Magolda and 
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Porterfield, both measure the first five positions of the Perry theory. Moore’s Learning 
Environment Preferences Measure (LEP), developed in 1989, has also been used and 
research has provided evidence to its validity as an appropriate instrument for use with 
this theory. It was noted that the time, expense, and expertise needed to accurately 
implement these assessments is problematic and impractical in many instances. It was 
further noted that interactions with students in a variety of settings are likely to provide 
clues as to how students make meaning but that such informal observations should be 
used cautiously and researchers employing informal methods must be willing to 
recognize the possibility of mistaken impressions.  
The application of Perry’s theory and resulting models, such as the 
Developmental Instruction Model, developed by Knefelkamp in 1984, are directed 
toward use in classroom, student affairs, and other instructional settings. The four 
variables characterizing the model are structure, diversity, experiential learning, and 
personalism. Structure refers to the framework and directions provided to students and 
diversity to alternatives and perspectives that are present and encouraged. Experiential 
learning relates to the concreteness, directness, and involvement contained in learning 
activities and personalism reflects the creation of a safe environment where risk taking 
is encouraged. As presented, Perry’s theory and Knefelkamp’s model demonstrate the 
shift from student deficiencies to that of institutional effort. As institutions and 
instructional personnel become more knowledgeable of the ways in which student make 
meaning, the more they will be aware of and able to develop programs, activities, and 
delivery methods, that foster the continued growth of the student throughout their 
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educational process. Concerns regarding the exclusiveness of Perry’s samples, and 
attempts to make generalizations beyond traditional aged, white men at prestigious 
institutions, have been characterized as “risky business”. It is recommended that the use 
of this theory in relation to women, people of color, and other nondominant groups is 
undertaken tentatively.  
As the premise behind Perry’s theory is to observe and explain how students 
make meaning, and as this process is individualistic, theoretically, it would take into 
account differences such as age, gender, socioeconomic status, and other factors, and 
the application of this theory with the aforementioned cautions would not therefore lend 
itself as being discriminatory within and among student groups. The reality however, is 
that the development of the theory is based on a very select sample and is not 
representative of the development that may take place outside of this select population. 
There is critique in the literature for theories presented under the psychological heading 
that assigning labels to students. Such labeling could be viewed as consistent with a 
student deficiency model, however, as the primary application of the theory is for 
institutional use it could be reasonably argued that this negates any reflection of student 
deficit.  
Jung’s Myers-Brigs adaptations of personality type. Carl Jung, a Swiss 
psychoanalyst, became interested in determining if people differed in any consistent 
way across time and culture (Spoto, 1989, as cited by Evans, Forney, and Guido-
DiBrito, 1998). Through the study of Jung’s work, Katherine Briggs and Isabel Briggs 
Myers, observed many people accepting positions that were seemingly inconsistent with 
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their personality types. Classified as a typology theory, Jung categorized individuals by 
how they perceive their environment and how they make judgments or decisions about 
the information taken in. In continuation of Jung’s work and through the adaptation by 
Myers, eight preferences, arranged along four bi-polar dimensions, were devised: 
extraversion-introversion, sensing-intuition, thinking-feeling, and judging-perception. 
Together, these preferences can be organized into sixteen different personality types.  
In an attempt to find appropriate and reliable assessment tools to evaluate Jung’s 
Theory of Personality Type, Katherine Briggs and Isabel Briggs Myers developed the 
Myers-Briggs Type Indicator (MBTI). Although validity regarding the use of the MBTI 
as an assessment tool as a true reflection of Jung’s exact dichotomy has been 
questioned, the use and acceptance of this instrument does merit its continued mention 
in the field of student development theory. Assessment through the MBTI results in a 
four letter score showing the order of an individual’s preference when interacting with 
their environment and processing information from that interaction. A numerical 
preference score is also available and is used primarily to measure how clearly someone 
responded on the MBTI. Modal types for a variety of individuals are provided.  
In student affairs, assessment results have helped students recognize and 
appreciate different approaches, and have helped them to work together more 
efficiently. Over 84% of individuals taking the MBTI have indicated they found the 
assessment information to be accurate and helpful. Although not diagnostic in nature, 
the MBTI results can help university personnel and students to increase their 
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satisfaction and success within the academic institution. As with the previous two 
theories, Jung’s Theory of Personality Type, as adapted, could be considered as 
evidence to support the shift from a student deficiency model to that of institutional 
effort. The use of the MBTI as a tool to predict student success in various programs, as 
documented in the research, would also provide evidence of its application as a measure 
of student resilience from the perspective of student match or “fit” with a particular 
program or instructional style (Miller, 1991, Van, 1992, Borg and Shapiro, 1996, Jones, 
Courts, Sandow, and Watson, 2007, Kahn, Gailbreath, Tipps, Chartrand, 2002, Salter, 
Evans, and Forney, 2006). Lastly, as mentioned with Perry’s theory, the individualistic 
nature of the development of personality would also theoretically take into account a 
variety of background factors and would not necessarily be discriminatory. Despite the 
assessment outcome being presented as a letter and numerical score, there is 
connotation associated with such scores that would provide evidentiary support against 
the use of the MBTI with nontraditional or ethnically diverse student populations or 
suggest this model as based upon student deficiencies.  
Retention Theory in Higher Education. According to the Center for the Study 
of Higher Education (2008) there are eight prominent retention theories or theorist: 
McNeely’s College Student Mortality Theory (1937)-includes factors such as time to 
degree, attrition patterns, and impact of college size, Summerskill (1962)-examined the 
impact of personality traits on persistence, Astin’s Theory of Student Involvement, 
Kamen, Spady, and Tinto’s multiple theories including Student Integration Theory, 
Student Retention Theory, Interactionalist Theory, and Theory of College Student 
70 
 
Departure, made significant contributions to the retention literature in the 1970’s 
looking at student characteristics and the campus environment. Bean’s Student Attrition 
Model and Model of Work Turnover to Student Attrition  (1980) continued the work on 
retention bringing it into the 1980’s, and lastly Metzner (1989) bringing a model to the 
literature focusing more on non-traditional student attrition. Vincent Tinto’s research on 
attrition and retention has been cited extensively and is one of the most popular and 
most used theories in research literature of the recent past (Tinto, 1993).   
 Tinto. Tinto’s work on student persistence continues to commonly be the 
primary theory upon which researchers ground their studies on retention. Tinto posited 
that if a student does not become academically and socially integrated into the 
institution they will have a higher tendency to withdraw. Further, Tinto states that 
college is a society from which an individual may withdraw for lack of interaction with 
others in the college and for insufficient conformity with the prevailing value pattern. 
The primary predictors identified as having a high correlation to students persistence 
through the work of Tinto and expansions by Astin, Bean, Stoecker, Pascarella, Wolfe, 
Williamson, and Creamer are presented in Figure 1.  
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Predictors of Persistence  
Astin (1975) 
Integration 
HS GPA 
ACT/SAT scores 
Educational level of parents 
Age 
Gender 
  
Bean (1980) 
Commitment to institution 
Perception of education as self-development 
Knowledge of academic and social rules 
Confidence 
Competitiveness 
  
Stoecker, Pascarella, Wolfe and Williamson, and Creamer (1988) 
Pre-college characteristics 
Pre-college commitments 
Institutional characteristics 
College major 
College academic and social integration 
Persistence-withdraw behavior 
 
Figure 1. Predictors of Persistence based on Tinto with Expansions by Astin, Bean, 
Stoecker, Pascarella, Wolfe, Williamson, and Creamer. This figure illustrates the 
characteristics that have been identified as being predictive of student persistence.  
 
The integration that Tinto declares as essential for success and continuation 
within an institution or organization was initially delineated with little to no regard for 
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life experience prior to enrollment in higher education. The research of Stoecker, 
Pascarella, Wolfe, Williamson, and Creamer expanded the identification of predictors 
of student persistence to take into account pre-college characteristics and commitments.  
Social integration was one of two essential integrations components that Tinto 
and his fellow researchers found to have significant impact on student persistence 
(Tinto, 1993). Tinto concluded that student success is directly related to the degree that 
social and academic integration has occurred between the student and the institution and 
can in fact, be used as an effective measure of such integration. The social factors 
commonly identified by researchers fall into three major categories: higher education, 
personal relationships, and employment. These areas have further been expanded to 
include social interactions with faculty, support services, student life, and relationships 
with peers, immediate and extended family, friendships outside of the institution, and 
relationships with supervisors and co-workers associated with the student’s 
employment.  
Academic integration is the second integration component found to have 
significant impact on student persistence (Tinto, 1993). The educational issues 
identified with this component can also be separated into three major categories: 
Historical Background, Higher Education, and Retention. These areas have further been 
expanded to include pre-college characteristics, gender, age, ethnicity, educational level 
of parents, GPA, language, faculty, support services, student life, peers, and institutional 
data on retention and attrition. With regards to academic integration, distinctions are be 
made between social and academic interactions defined primarily as support obtained 
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by the student that was specifically helpful with learning, interactions occurring in the 
classroom, or in meeting higher education goals (such as degree completion).  
Assessment of retention or persistence has taken many forms in the literature. 
Longitudinal studies are common when reviewing literature on retention. Multivariate 
analysis of covariance, multiple regression analysis, and other statistical analysis are 
used to determine the predictability of integration scales. When considering the methods 
available to capture data from students, some researchers have indicated that an 
interview may be preferred over a survey as this would allow students to expand their 
contribution of information and may better allow for determinations with regards to 
specific use of a services or the extent to which a service was utilized. Again, there 
exists a clear distinction between the knowledge of and use of a support service when 
making determinations or generalizations about implications or effects with regards to 
student retention and persistence.  
Astin input-environment-output (I-E-O) model. Astin’s input-environment-
outcome model (IEO) was developed in 1968 as a guiding framework for assessments 
in higher education and was designed to address the basic methodological problem of 
random assignment of people (inputs) to programs (environments) (Thurmond and 
Popkess-Vawter, 2005). The premise of this model is that educational assessments are 
not complete unless the evaluation includes information on student inputs (I), the 
educational environment (E), and student outcomes (O) (Astin, 1993, as cited by 
Thurmond and Popkess-Vawter, 2005). The essential idea is that all education programs 
can be thought of as having three basic components – inputs, environments, and 
74 
 
outcomes – and that data needs to be collected from each of these three components in 
order to fully evaluate an education program and its effectiveness (Dey and Fenty, n.d.). 
Astin defined input variables as the characteristics of the student at the time of initial 
entry to the institution, environment variables as the various programs, policies, faculty, 
peers, and educational experiences to which the student is exposed and the output 
variables as characteristics that result after exposure to the environment (1993).  
Assessment of the model is typically conducted quantitatively, however, this 
does not have to be the case. Researchers have used this model to evaluate time required 
to completion (Knight, 1994), service participation (Astin and Sax, 1998), student 
retention and persistence (Kelly, 1996), early remediation and persistence (Campbell 
and Blakely (1996), and student satisfaction and degree completion (House, 1999) (as 
cited by Thurmond and Popkess-Vawter, 2005). Researchers using this model as an 
assessment tool are encouraged to use both direct and indirect measurements to create a 
more complete representation. Activity data, pre- and post-comparisons, experimental 
designs, and rubrics have been suggested as examples of tools for direct measurement 
and institutional data, survey data, focus groups, activity rates, observation analysis, and 
document review have additional been suggested as tools for indirect measurements. 
Researchers who use this model must be very clear in contextually defining each model 
construct and supporting why particular variables were selected to be used as measures 
(Thurmond and Popkess-Vawter, 2005).  
In reviewing the discussion section of the articles cited above, there was an 
absence of comments regarding the applicability, or lack thereof, for the use of this 
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model with different student groups including women, underrepresented populations, or 
athletes. As this model attempts to account for environmental factors as well as student 
inputs, and as this model seems to be primarily used to assess student outcomes based 
on institutional factors, it could be concluded that this model may provide a more 
universal fit in light of the way in which the research defines the context and variable 
associated with the model as suggested above. Hu and Kuh (2003) provided discussion 
in their conclusion that “similar students expending similar amounts of effort engaging 
in similar kinds of activities while attending different institutions report making 
different amounts of progress toward many desired outcomes of college” indicating that 
again this model may be better able to identity individual differences across a broad 
range of variables.  
Conceptual Framework 
The conceptual framework supporting the research questions in this study are 
that there are data supported in the literature as being predictive of student retention in 
higher education (Horst, 1959; Tinto, 1987; Evans, Forney, and Guido-DiBrito, 1998; 
Martinez, 2001; Kester, Linto, & Sullivan, 2002; Pritchard and Wilson, 2003; Pascarella 
and Terenzini, 2005; Gupta, Harris, Carrier, and Caron, 2006; and Gordon, Habley, and 
Grites, 2008). The factors associated as being predictive are varied and have been 
studied and analyzed in multiple contexts including two and four year institutions and 
within and between various student populations (most commonly white, African 
American or Black, Asian, Hispanic and/or Latino, and Native American). Student data 
is commonly separated according to Tinto’s work into categories leading to social or 
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academic integration within the college or university. A representation of such factors 
having a high correlation to students persistence as concluded by Tinto and expansions 
of Tinto’s work by Astin, Bean, Stoecker, Pascarella, Wolfe, Williamson, and Creamer 
was presented in the previous section.  
In addition to predictors based on demographic and pre-college characteristics, 
the influence of the environment of the university; including residential life, classroom 
environment, course schedules, faculty to student ratios, and curriculum, significantly 
impact a student’s ability to achieve success in the first year. The student’s recognition 
of success is believed to influence the student’s decision to enroll in a second and third 
semester. Success in the first semester is believed to influence a student’s decision to 
remain in the major they declared their first semester. The effectiveness of first year 
experience courses in supporting student’s transition to the university has been well 
documented and is believed to positively impact persistence of first-time full-time 
freshman students. 
Persistence, retention, and ultimately degree completion is the goal of any 
university. The opportunities available for students to engage with their university are 
widely accepted as significantly influencing student’s decision to continue with their 
educational career. For many students the first year experience class is where 
opportunities to explore such engaging activities are introduced. Coupled with the 
realization that typically the highest drop in persistence occurs after a student’s first 
semester or year, studying the impact of such opportunities as part of a first year 
experience course is crucial. The purpose of this dissertation is to examine the impact of 
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a first year experience course offered to first-time college freshman enrolled as STEM 
majors. The model system selected for this study is the University of Missouri-Kansas 
City (UMKC) and the first year experience courses offered to first semester freshman, 
particularly Biology 115 First Year Seminar, offered through the School of Biological 
Sciences. 
The School of Biological Sciences (SBS) has recognized the need to directly and 
aggressively address students’ needs, especially the needs related to first semester 
transitions, preparedness for college level participation and requirements, and students 
facing academic difficulty. In spring semester 2008, SBS piloted an intrusive advising 
program titled Steps for Success. An expansion of this program was used with students 
on probation during the subsequent semester (fall 2008). Beginning fall semester 2009, 
SBS offered, for the first time, Biology 115: First Year Seminar, a first year experience 
course for new freshman biology majors. Assessment of the impact of this course on 
persistence and retention particularly for STEM majors will enable data driven 
decisions to be made that can influence policy and programming to better align the 
School of Biological Sciences in their efforts to effectively address students’ needs at 
the highest possible level and positively contribute to the continued success of the 
school and institution in accordance with its mission and values and that of the 
University. Furthermore, this assessment will further the School of Biological Sciences 
and UMKC in positively contributing to the number of students enrolling in and 
graduating from STEM programs. UMKC is a solid model for the basis of this analysis 
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and the results of this impact study should be generalizable to other institutions with 
comparable demographic profiles.  
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CHAPTER 3 
METHODOLOGY 
 
In higher education the ability of an institution, academic unit, or program to 
retain students is critical and of significant importance in providing access and 
continuation of students through the STEM pipeline. In STEM, retention in the higher 
education section of the pipeline helps students reach their goals of entering a STEM 
career and helps to fill a critical shortage in the STEM workforce. As a predictor of 
success, retention of students in the first year is of particular importance. Retention is 
frequently analyzed in conjunction with academic performance and is measured by the 
number of students who enroll in and complete a second semester and/or enroll for a 
second fall term. While the measure of retention in this manner is logical and provides 
valuable data, the overall goal of retention is degree completion. Retention data 
indicates that students who are not retained at the end of their first year are much less 
likely to attain a degree. This chapter will outline the methodology to apply Alexander 
Astin’s (1993) Input-Environment-Output (I-E-O) model to examine the impact of a 
first year seminar course on first to second year retention of first-time college freshman 
(FTC) enrolled as Science, Technology, Engineering, and Mathematics (STEM) majors 
in the School of Biological Sciences (SBS) at the University of Missouri-Kansas City 
(UMKC). 
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Research Design 
This ex-post facto quantitative study analyzes data collected from student 
educational records at a single institution, UMKC, to address two research questions.  
1. What impact has Biology 115: First Year Seminar had on first-time college 
freshman enrolled full-time as declared science, technology, engineering, 
and mathematics (STEM) majors in the School of Biological Sciences at the 
University of Missouri-Kansas City?  
2. How has an alternative eight-week (half-semester) model of Biology 115: 
First Year Seminar influenced students’ academic performance and retention 
in the School of Biological Sciences at the University of Missouri-Kansas 
City?   
A review of literature as described in Chapter 2 provides evidence of student 
characteristics and experiences prior to enrolling in college and during enrollment in 
college that are associated with academic performance and retention. This study seeks 
to broaden an understanding of the impact of the first year seminar as it relates to 
academic performance and retention, particularly in relation to STEM majors by 
analyzing data of first-time college freshman declared as STEM majors at a single 
Midwest university.  
Data source. Data for this study are obtained from student educational records 
at the University of Missouri-Kansas City (UMKC). Permission to accesses data from 
student educational records is obtained from the Dean of the School of Biological 
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Sciences and the UMKC Registrar. The University of Missouri-Kansas City is a 4-year, 
public institution with a reported total student population of 16,019 for the fall 2012 
semester (UMKC By the Numbers, 2013). In 1970 the Carnegie Commission on Higher 
Education developed a classification of colleges of universities. Today, the Carnegie 
Classification of Institutions of Higher Education is widely accepted as a structure for 
recognizing and describing institutional diversity in the United States (Carnegie 
Foundation, 2011). According to the most recent classification effort by the Carnegie 
Foundation (September 13, 2013), UMKC is classified as one of 74, four-year, public 
research institutions with high research activity (RU/H). The Carnegie Foundation 
further classifies institutions on the basis of undergraduate and graduate instructional 
programs, enrollment profile, undergraduate profile, size and setting (see Table 2).  The 
University of Missouri-Kansas City is classified as having 60–79% of bachelor’s degree 
majors in the arts and sciences, offering graduate degrees in at least half of the fields 
corresponding to undergraduate majors, and with research doctorate degrees awarded in 
a range of fields, with the largest number of research degrees in professions other than 
engineering. The Carnegie Foundation classifies UMKC with a fall enrollment of both 
undergraduate and graduate/professional students, with the latter group accounting for 
25-49% of full-time enrollment (FTE), with at least 80% of undergraduates enrolled 
full-time. Lastly, the Carnegie classification lists UMKC as a large four-year institution 
with a fall enrollment of at least 10,000 degree-seeking students at the bachelor’s level 
and with fewer than 25% of these undergraduates living on campus. Test scores for 
82 
 
first-year students at UMKC indicate the use of more selective admission criteria than 
some other schools.  The classification data described here is outlined in Table 2.  
Table 2  
Carnegie Classification details of the University of Missouri-Kansas City  
Classification Category 
Undergraduate Instructional Program 
A&S+Prof/HGC: Arts & 
sciences plus professions, high 
graduate coexistence 
    
Graduate Instructional Program 
Doc/Prof: Doctoral, 
professional dominant 
    
Enrollment Profile MU: Majority undergraduate 
    
Undergraduate Profile 
FT4/S/HTI: Full-time four-
year, selective, higher transfer-
in 
    
Size and Setting 
L4/NR: Large four-year, 
primarily nonresidential 
    
Basic 
RU/H: Research Universities 
(high research activity) 
Source: Carnegie Foundation, 2011 
 
 
The University of Missouri-Kansas City is accredited by the Higher Learning 
Commission of the North Central Association of Colleges and School and is comprised  
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of fourteen individual schools2. Majors in science, technology, engineering, and 
mathematics are offered through the College of Arts and Sciences (chemistry, 
economics, environmental sciences, environmental studies, geography, geology, math 
and statistics, and physics), the School of Biological Sciences (biology), and the School 
of Computing and Engineering (computer science, bioinformatics, software 
engineering, civil, electrical and computer, and mechanical engineering, and 
informational technology). For this study, only majors in mathematics, biology, 
chemistry, and physics are included.  
Data Collection 
 Data is collected from student educational records at UMKC by UMKC Data 
Warehouse staff and provided to the UMKC Office of Institutional Research. The 
Family Educational Rights and Privacy Act (FERPA) is a federal law that protects the 
privacy of student educational records and restricts access to these records to 
individuals having a legitimate educational interest in the student (U.S. Department of 
Education, Family Policy Compliance Office, 2013, UMKC Catalog, 2012-2013). This 
study is beyond the guidelines of legitimate educational interest and access to the 
student educational records by the researcher would require written permission from 
each student. Obtaining permission from each student to be included in the sample 
                                                          
2 College of Arts and Sciences, Conservatory of Music and Dance (formerly Conservatory of Music, 2005-
2007), Henry W. Bloch School of Management (formerly Henry W. Bloch School of Business and Public 
Administration), School of Biological Sciences, School of Computing and Engineering, School of 
Dentistry, School of Education, School of Law, School of Medicine, School of Nursing and Health Studies 
(formerly School of Nursing, 2005-2012), School of Pharmacy, School of Graduate Studies, University 
College (Fall 2012) and University Libraries. 
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would result in a substantial loss of data. To ensure the maximum number of student 
educational records are available for analysis, the data are requested from the UMKC 
Data Warehouse and are provided to the UMKC Office of Institutional Research instead 
of to the researcher directly. The UMKC Office of Institutional Research will de-
identify the data and assign unique identifiers to each record to ensure the data meets 
FERPA guidelines to protect the privacy of students included the study. The data are 
made available for analysis at the UMKC Office of Institutional Research and only the 
results of the analysis are made available to the researcher. For the purpose of this 
analysis data are recorded and reported in aggregate groups.  
Sample 
The population for this study is comprised of students who initially enrolled at 
UMKC as first-time college freshman with declared majors in biology in fall semesters 
from 2005-2012.  First-time college is defined by UMKC in accordance with the 
Integrated Postsecondary Education Data System (IPEDS) and includes students 
enrolled in the fall term who attended college for the first time in the prior summer 
term, and students who entered with advanced standing (college credits earned before 
graduation from high school) (NCES, n.d.). All biology degree programs at UMKC are 
STEM.  
Research Question 1. 
Sample group. The first research question is, “What impact has Biology 115: 
First Year Seminar had on first-time college freshman enrolled full-time as declared 
science, technology, engineering, and mathematics (STEM) majors in the School of 
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Biological Sciences at the University of Missouri-Kansas City?” The sample group for 
analysis of this question is comprised of students identified as first-time college, who 
enrolled full-time as degree seeking in their initial term at UMKC in fall semesters from 
2009-2011, and who were enrolled in Biology 115: First Year Seminar, and who 
specified their gender and race on their UMKC application. Students in the sample 
group have final high school transcripts and ACT or SAT composite and sub-scores as 
part of their student educational record. Students in the sample group may have college 
credit from dual high school enrollment, enrollment in a college or university for the 
summer preceding their initial enrollment at UMKC, or credit by examination from 
International Baccalaureate (IB) Examinations, the Advanced Placement (AP) Program, 
or College Level Examination Programs (CLEP) and have transcripts or test reports for 
each as part of their student educational record (see Table 3). Students with a Graduate 
Educational Development (GED) tests or students enrolled in their first semester in a 
winter/spring semester are excluded from the sample group.  
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Table 3   
   
Research Question One Sample Group Selection Criteria 
Population Requirement Criteria 
Sample 
Group 
Required 
 Initial enrollment fall terms 
2009-2011 
 Gender and race specified on 
application 
 First-time college 
 Full-time enrollment 
 Degree-seeking 
 Declared as biology major  
 Enrolled in Biology 115: First 
Year Seminar 
 High school transcript 
 ACT or SAT composite and 
sub-scores 
Allowed 
 High school dual credit 
 College credit                                 
(Summer prior to initial term at 
UMKC)  
 Credit by Examination 
Disallowed 
 GED 
 Initial enrollment in spring or 
summer term 
 
 
Control group. The control group for the first research question are students that 
specified their gender and race on their UMKC application and are identified as first-
time college, who enrolled full-time as degree seeking in their initial term at UMKC in 
fall semesters from 2005-2007, and who were enrolled in Biology 115: First Year 
Seminar. Students in the sample group have final high school transcripts and ACT or 
SAT composite and sub-scores as part of their student educational record. Students in 
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the sample group may have college credit from dual high school enrollment, enrollment 
in a college or university for the summer preceding their initial enrollment at UMKC, or 
credit by examination from International Baccalaureate (IB) Examinations, the 
Advanced Placement (AP) Program, or College Level Examination Programs (CLEP) 
and have transcripts or test reports for each as part of their student educational record 
(see Table 4). Students in the control group must meet the same criteria as the sample 
group with the exception of the dates of their initial term and enrollment in Biology 
115: First Year Seminar. Students enrolled in their initial term in fall 2008 are excluded 
from this study as this was a transition year from the Steps for Success program to the 
Biology 115: First Year Seminar course as discussed in Chapter 2. Students with a 
Graduate Educational Development (GED) tests or students enrolled in their first 
semester in a winter/spring semester are excluded from the control group.  
 
 
 
 
 
 
 
88 
 
Table 4 
Research Question One Control Group Selection Criteria 
Population Requirement Criteria 
Control 
Group 
Required 
 Initial enrollment fall terms 2005-
2007 
 Gender and race specified on 
application 
 First-time college 
 Full-time enrollment 
 Degree-seeking 
 Declared as biology major  
 High school transcript 
 ACT or SAT composite and sub-
scores 
Allowed 
 High school dual credit 
 College credit                                 
(Summer prior to initial term at 
UMKC)  
 Credit by Examination 
Disallowed 
 GED 
 Initial enrollment in spring or 
summer term 
 
 
A demographic analysis of the sample and control groups for the first research question 
are performed to ensure the groups are comparable. The sample group consists of 295 
students in the 16-Week sample for the fall terms from 2009 to 2011. The population of 
the control group is 196 students for the fall terms from 2005-2007.  
Research Question 2.  
Sample Group. The second question is, “How has an alternative eight-week 
(half-semester) model of Biology 115: First Year Seminar influenced students’ 
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academic performance and persistence in the School of Biological Sciences at the 
University of Missouri-Kansas City?” The sample group for analysis of this question is 
comprised of students identified as first-time college, who enrolled full-time as degree 
seeking in their initial term at UMKC in fall 2012, who were enrolled in Biology 115: 
First Year Seminar and who specified their gender and race on their UMKC application. 
Students in the sample group have final high school transcripts and ACT or SAT 
composite and sub-scores as part of their student educational record. Students in the 
sample group may have college credit from dual high school enrollment, enrollment in a 
college or university for the summer preceding their initial enrollment at UMKC, or 
credit by examination from International Baccalaureate (IB) Examinations, the 
Advanced Placement (AP) Program, or College Level Examination Programs (CLEP) 
and have transcripts or test reports for each as part of their student educational record 
(see Table 5). Students with a Graduate Educational Development (GED) tests or 
students enrolled in their first semester in a winter/spring semester are excluded from 
the sample group. 
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Table 5 
Research Question Two Sample Group Selection Criteria 
Population Requirement Criteria 
Sample 
Group 
Required 
 Initial enrollment fall terms 
2012 
 Gender and race specified on 
application 
 First-time college 
 Full-time enrollment 
 Degree-seeking 
 Declared as biology major  
 Enrolled in Biology 115: First 
Year Seminar 
 High school transcript 
 ACT or SAT composite and 
sub-scores 
Allowed 
 High school dual credit 
 College credit                                 
(Summer prior to initial term at 
UMKC)  
 Credit by Examination 
Disallowed 
 GED 
 Initial enrollment in spring or 
summer term 
 
 
Control group. The control group for the second research question are students 
that specified their gender and race on their UMKC application and are identified as 
first-time college, who enrolled full-time as degree seeking in their initial term at 
UMKC in fall semesters from 2009-2011, and who were enrolled in Biology 115: First 
Year Seminar. The control group for the second research question is the sample group 
for research question one. Students in the sample group for the second research question 
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have final high school transcripts and ACT or SAT composite and sub-scores as part of 
their student educational record. Students in the sample group may have college credit 
from dual high school enrollment, enrollment in a college or university for the summer 
preceding their initial enrollment at UMKC, or credit by examination from International 
Baccalaureate (IB) Examinations, the Advanced Placement (AP) Program, or College 
Level Examination Programs (CLEP) and have transcripts or test reports for each as 
part of their student educational record (see Table 6). Students in the control group must 
meet the same criteria as the sample group with the exception of the dates of their initial 
term and enrollment in Biology 115: First Year Seminar. Students enrolled in their 
initial term in fall 2008 are excluded from this study as this was a transition year from 
the Steps for Success program to the Biology 115: First Year Seminar course as 
discussed in the previous chapter. Students with a Graduate Educational Development 
(GED) tests or students enrolled in their first semester in a winter/spring semester are 
excluded from the control group.  
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Table 6 
Research Question Two Control Group Selection Criteria 
Population Requirement Criteria 
Control 
Group 
Required 
 Initial enrollment fall terms 
2009-2011 
 Gender and race specified on 
application 
 First-time college 
 Full-time enrollment 
 Degree-seeking 
 Declared as biology major  
 Enrolled in Biology 115: 
First Year Seminar 
 High school transcript 
 ACT or SAT composite and 
sub-scores 
Allowed 
 High school dual credit 
 College credit                                 
(Summer prior to initial term 
at UMKC)  
 Credit by Examination 
Disallowed 
 GED 
 Initial enrollment in spring or 
summer term 
 
 
A demographic analysis of the sample and control groups ensures the groups are 
comparable. The sample group consists of 105 students in the 8-Week sample for the 
fall term 2012. The population of the control group is 295 students for the fall terms 
from 2009 to 2011.  
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Variables 
The purpose of this study is to examine the impact of a first year seminar course on first 
to second year retention of first-time college freshman enrolled as STEM majors in the 
School of Biological Sciences at the University of Missouri-Kansas City (UMKC) using 
Alexander Astin’s (1993) Input-Environment-Output (I-E-O) model. The variables 
selected to examine the impact are purposeful and based on data required to profile 
demographic characteristics and indicators of importance as identified in the literature 
reviewed. Each year the Cooperative Institutional Research Program (CIRP) of the 
Higher Education Research Institute (HERI) at the University of California Los Angeles 
administers the CIRP Freshman Survey to hundreds of thousands of entering college 
students during orientation or registration. The survey covers a wide range of student 
characteristics and the results of these surveys help to provide a “comprehensive portrait 
of the changing character of entering students and American society at large” and is a 
widely used national data set for many studies in higher education (HERI, 2013). 
Variables, including text descriptions and coding values, are as much as possible kept 
consistent with CIRP coding to assist researchers who may want to examine similar 
questions using a national data set. Using Astin’s I-E-O model, input and environment 
variables are independent variables and output variables are dependent variables. Table 
7 outlines a completed list of input, environment, and output variables selected for this 
study.  Each variable type is described in the following sections and includes a 
description and rationale for each individual variable. A complete list of variables and 
descriptions can be found in Table 7.  
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Input. Astin defines the input data as the characteristics of the student at the 
time of initial entry to the institution (1993). Pre-college data is collected from students’ 
UMKC application, high school transcript, credit by examination test score reports, and 
post-secondary transcripts for college credit earned through high school dual enrollment 
or credit earned in the summer immediately following high school graduation. Data 
from the UMKC application includes information related to gender, permanent address, 
and race. High school transcripts include the year of graduation, courses with grades, 
cumulative GPA, and ACT or SAT scores. Credit by examination test score reports 
include tests completed and scores earned for each examination. The Advanced 
Placement (AP) Program of the College Board is the only credit by examination 
program examined for this study. Transcripts from colleges or universities where 
students earned credit include data on course work attempted, completed, and grades 
earned. The input variables are outlined in Table 8 and are used to provide a 
demographic profile for each sample group and are included in the regression analysis 
discussed in the next section.  
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Table 8 
Input Variables-Data Source and Available Information 
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Input 
UMKC 
Application 
 Gender 
 Permanent address  
 Race 
High School 
Transcript  
 Graduation year 
 Graduation class size 
 Type 
 Courses and Grades 
 Cumulative GPA 
 ACT or SAT scores 
Credit by 
Examination 
Test Report 
 Advanced Placement tests and 
scores 
Post-
secondary 
Transcripts 
 Courses and grades 
 Cumulative GPA 
 
 
UMKC Application. The college application is a useful tool to obtain 
information from students attending UMKC. Although the application itself changes 
slightly from year to year and is completed in either a paper or on-line format, the 
variables selected are consistent for the time frame of this study for fall semesters from 
2005-2012.  Individual variables from the UMKC application are listed in Table 9 and a 
description including relevance to the study follows. Coding values for each variable 
are discussed in the analysis section of this chapter.  
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Table 9 
Input Variables from UMKC Application 
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Input  
UMKC 
Application 
 Gender 
 Permanent address (city and state) 
 Distance to attend 
 Race 
 
 
Gender. Reporting gender is optional on UMKC’s application and students 
choose between two possible options of male or female. If students choose not to mark 
male or female, gender is recorded by the university as unknown. Analysis of national 
data suggests that differences exist in the STEM pipeline between male and female 
constituents at every level and is an important variable to consider when making 
inferences from the data analysis. Students choosing not to specify gender are excluded 
from the sample and control groups.  
Permanent address. A permanent address including a city and state is required 
on the UMKC application. City and state data is used to determine the distance to 
attend. Students who attend college from a substantial distance from their reported 
permanent address may be less knowledgeable about available programs on campus or 
in the community surrounding UMKC. These students may face other barriers that 
prevent them from participating in activities on campus or in the community such as 
cost, transportation, and unfamiliarity with the area.  
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Distance to attend. The distance to attend UMKC from the city and state of the 
permanent address reported on the students application is calculated to UMKC using 
Google maps at maps.google.com. A review of the literature suggests that distance may 
influence freshman students more than other student populations, presumably due to 
adjustments from high school to a new environment that may be much further away and 
that students who travel the farthest distance may be more likely to persist to degree 
completion, which may speak to their commitment to the institution (Wright, Fox, 
Murray, Caruthers, and Thrall, 2012, Bean, 1980).  
 Race. The reporting of race is optional on UMKC’s application and includes 
possible options of American Indian or Alaskan native, Asian (underrepresented), Asian 
(includes Chinese, Filipino, Japanese, Korean, Asian Indian or Thai), Black/African 
American, Native Hawaiian or other Pacific Islander, Hispanic/Latino, or White. The 
race for International student’s is not self-reported or optional and is recorded by 
UMKC as non-resident international. Students who choose not to specify race are 
recorded by UMKC as not specified.  Students with non-specified race are excluded 
from the sample and control groups. There is substantial evidence in the literature to 
suggest that disparities in access to and persistence in the STEM pipeline are influenced 
by race.  
High school transcript. High school transcripts provide important information 
about each student. Demographic and academic characteristics from student transcripts 
indicate the level of high school preparation of the students. These characteristics may 
influence student’s self-efficacy of their ability to successfully complete their degree 
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requirements. The specific variables from the high school transcript for this study are 
the graduation year, courses, grades, cumulative GPA, and ACT or SAT scores. High 
school graduation class size and type of high school (public or private) are not reported 
in the literature as having significant influence on STEM persistence and are not 
included as variables for analysis in this study. Individual variables from student high 
school transcripts are listed in Table 10 and a description including relevance to the 
study follows. Coding values for each variable are discussed in the analysis section of 
this chapter.  
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Table 10 
Input Variables from High School Transcript 
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Input 
High School 
Transcript  
 Graduation year 
 Number of STEM courses completed 
by subject 
 Highest STEM course completed by 
subject 
 Average grade for STEM courses by 
subject 
 Average grade for STEM courses 
overall  
 Cumulative GPA 
 ACT composite and sub-scores 
 Number of AP courses completed  
 
 
Graduation year. The graduation year is the year the student graduated from 
high school as indicated on the student’s final high school transcript. The graduation 
year allows for separation of students in sample and control groups and reporting 
demographic characteristics for each fall cohort. There are no suggestions in the 
literature reviewed to indicate significant variances in the sample and control groups 
based on year of high school graduation for the years included in this study.  
 Number of STEM courses completed by subject. UMKC expects admitted 
students to have completed a college-preparatory curriculum as specified in the UMKC 
catalog including four units of mathematics (Algebra I or higher), three units of science 
that includes a laboratory course, and units from at least two of the following areas: 
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physical sciences, biology, physics, chemistry and earth science (UMKC Catalog, 2012-
2013). The number of courses in mathematics (Algebra I or higher), biology, chemistry, 
physics, earth science, and physical science are included as STEM courses and recorded 
by subject. Computer science courses are not counted in the college-preparatory 
curriculum expected by UMKC for admitted students and are not included in STEM 
courses for this study.  
 Highest STEM course completed by subject. The highest STEM course 
completed in high school in mathematics (Algebra I or higher), biology, chemistry, 
physics, earth science, and physical science is recorded for each subject.  
 Average grade in STEM courses by subject. The grades from courses completed 
in mathematics (Algebra I or higher), biology, chemistry, physics, earth science, and 
physical science are used to calculate the average grade earned in each subject 
separately.  
 Average grade in STEM courses. The grades from courses completed in 
mathematics (Algebra I or higher), biology, chemistry, physics, earth science and 
physical science are used to calculate the overall average grade earned in these subjects.  
Cumulative grade point average. Students cumulative GPA is calculated from 
all courses completed in high school and is recorded as reported on the student’s 
transcript. 
 ACT composite and sub-scores. ACT composite and sub-scores are commonly 
used as indicators of proficiency and readiness for college level work and are obtained 
from either ACT score reports or as reported on the student’s high school transcript. 
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Students with SAT scores are included in the sample and control groups and their scores 
are converted to ACT scores following the recommendations by ACT (ACT, 2008). For 
students with multiple ACT or SAT score reports, the most recent attempt is used to 
record composite and sub-scores. ACT composite and math sub-scores are used by the 
School of Biological Sciences when advising students regarding their first semester 
enrollment.  
Number of Advanced Placement courses completed. The number of Advanced 
Placement (AP) courses completed are reported in the literature to be positively 
associated with students who persist in STEM degrees. For this study the number of AP 
courses completed are recorded.  
Post-secondary transcripts and test score reports. The sample for this study 
requires students be identified by UMKC as first-time college as a selection criteria. 
Post-secondary data is collected and recorded from credit by examination test score 
reports and official college and university transcripts received from institutions where 
the student earned college credit (see Table 11).  
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Table 11 
Input Variables from Credit by Examination and Post-secondary Transcripts 
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Input 
Credit by 
Examination 
Test Report 
 Number of AP tests completed 
 AP STEM test scores by subject 
 Average AP test score 
 Average AP STEM test score 
Post-
Secondary 
Transcript 
 Number of HSDC courses completed 
by subject 
 Number of post-HS courses completed 
by subject  
 HSDC GPA 
 HSDC STEM GPA 
 Post-HS GPA  
 Post-HS STEM GPA 
 Cumulative post-secondary GPA 
 
 
Number of Advanced Placement tests completed. Advanced Placement tests are 
associated in the literature with STEM persistence. Students who attempt AP exams are 
more likely to be retained in STEM majors and are likely to be better prepared for 
college level work. It is important to note that not all students who enroll in AP courses 
attempt the associated AP tests.  
Advanced Placement STEM test scores by subject. Students who attempt AP 
exams may have a higher level of self-efficacy with regards to college performance 
based on their high school experiences. Scores for this study are recorded for AP tests 
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accepted by UMKC for college credit in calculus, biology, chemistry, and physics. 
There are no AP exams for computer science accepted for college credit at UMKC.  
Average Advanced Placement score. The scores from all individual AP exams 
accepted by UMKC for college credit are used to calculate the average AP score. 
Average Advanced Placement STEM score. The individual scores from all AP 
exams in calculus, biology, chemistry, and physics are used to calculate the average 
overall AP STEM score. 
Number of High School Dual Credit (HSDC) courses completed by subject. For 
this study the number of HSDC courses are recorded in the following subject areas: 
biology, chemistry, physics, mathematics, fine arts, humanities, and social/behavioral 
sciences. These subject areas are determined from the general education subject areas 
and degree requirements for School of Biological Sciences.  
Number of courses completed by subject post-high school graduation. The 
number of courses completed after students graduate may shorten time to graduation 
and may indicate a higher level of self-efficacy for college preparedness. The number of 
courses completed are recorded in the following subject areas: biology, chemistry, 
physics, mathematics, fine arts, humanities, and social/behavioral sciences. These 
subject areas are determined from the general education subject areas and degree 
requirements for School of Biological Sciences.  
Average grade for HSDC courses. The grades for all HSDC courses are used to 
calculate the average grade in HSDC courses. Comparisons with the average grade for 
STEM HSDC may yield trends in college readiness.  
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Average grade for HSDC STEM courses. The grades from HSDC courses 
complete in biology, chemistry, physics, and mathematics are used to calculate the 
average grade for STEM courses.  
 Average grade in post-high school courses. The grades from all courses 
completed post-high school are used to calculate the average grade for post-high school 
coursework.  
Average grade in post-high school STEM courses. The grades from courses 
completed post-high school in biology, chemistry, physics, and mathematics are used to 
calculate the average grade earned in these subjects collectively.  
  Cumulative pre-college grade point average. Students cumulative pre-college 
GPA is calculated from all courses completed from a post-secondary institution 
regardless of subject or type.  
Environment. Astin defines the environment as the various programs, policies, 
faculty, peers, and educational experiences to which the student is exposed (1993). Data 
collected from official university records as environmental variables will consist of 
information from the student’s UMKC transcript and student records. Student 
transcripts include semester specific course enrollment including grades and allows for 
determination of the students initial term, enrollment status, course load, major and 
grade point average. Student records allow students to be identified by their association 
with specific populations, termed student groups, residency, and major. Student groups 
of interest for this study are athletes, fraternity or sorority members, UMKC Coaching 
program participants, first generation college, and students who are determined to be 
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eligible to receive Pell Grants. These environment variables are recorded for the initial 
fall term and the subsequent spring term immediately following the initial fall term 
unless noted otherwise in the specific variable description. Enrollment status and major 
are also recorded for the second fall term. Students declared as biology majors in the 
School of Biological Sciences at UMKC enroll in a specific sequence of STEM courses, 
most or all of which have only one lecture section, classroom-based instruction and are 
taught in buildings in or immediately adjacent to the area of campus termed the Quad 
(Flairshiem, Royal, Haag, Spencer Chemistry, and Biological Sciences). As such, 
information related to individual courses are not included in the analysis for this study. 
Course Instructor data is likewise not included as there are not high enough numbers of 
courses or faculty to ensure the required level of privacy to maintain faculty anonymity. 
The environment variables are outlined in Table 12 and are used to provide a 
demographic profile for each sample group and are included in the regression analysis 
discussed in the next section.  
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Table 12 
   
Environment Variables-Data Source and Available Information  
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Environment  
Student 
Record 
 Year of Matriculation 
 Student group (special population) 
 Residency 
 Major 
UMKC 
Transcript 
 Semesters of enrollment 
 Courses  
 Grades 
 GPA 
 
 
Student record. The student record allows for determination of the initial term 
of enrollment and allows students to be grouped on the basis of association with certain 
characteristics. Student groups of interest for this study are athletes, fraternity or 
sorority members, UMKC Coaching program participants, first generation college, and 
students who are determined to be eligible to receive Pell Grants. Student record also 
includes student’s residence (on or off campus) while enrolled at UMKC and major. 
Table 13 outlines the environment variables available from student educational records.  
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Table 13 
Environment Variables from Student Record 
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Environment 
Student         
Record 
 Year of Initial Term 
 Student Group                            
(Athlete, Fraternity/Sorority, Coaching,                 
FGC, Pell Eligible) 
 Residence 
 Major 
 
 
Year of initial term. The year of initial term is recorded only for the initial fall 
term in which the student enrolled at UMKC.  
Student group. This variable will distinguish students based on their association 
with specific student groups as recorded by the UMKC Registrar. Student groups of 
interest for this study are student athletes, fraternity/sorority members, Coaching 
program participants, first generation college, and students who are determined to be 
eligible for the Pell Grant Program. Being a student athlete requires an increased level 
of self-discipline and commitment of time especially when coupled with the rigorous 
curriculum for STEM majors. Similarly, students with fraternity or sorority membership 
require time for required participation and a financial commitment. Student athletes and 
students involved in Greek life have greater opportunities for involvement with peers 
and the university which is noted in the literature as associated with higher rates of 
persistence and retention. Students associated with the UMKC Coaching Program 
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participate for two primary reasons as freshman; participation is a condition of their 
admission or the student purposefully sought out opportunities for increased support 
and participates voluntarily. Regardless of the reason for participation these students are 
identified as being at greater risk for poor academic performance. Similarly, first 
generation college students are identified as being at greater risk for poor academic 
performance and may not have realistic expectations, a personal support network, or an 
awareness of available campus support services to provide assistance when needed. 
Eligibility for the Pell Grant Program is a common socio-economic indicator for 
colleges and universities. Students who are eligible to receive Pell Grants may be 
financially disadvantaged and unable to access programs or opportunities associated 
with additional costs including but not limited to ACT preparation, high school dual 
credit, Advanced Placement, or college and community based programs to explore 
STEM interests.  
Residence. This variable will distinguish students who live on or off campus. A 
student’s primary residence can influence their engagement on campus and can 
secondarily influence their knowledge of available social and support services.  
Major. This variable will distinguish students on the basis of their declared 
major. Students in their initial term must have a declared major in the School of 
Biological Sciences, Bachelor of Arts (BA) in Biology or Bachelor of Science (BS) in 
Biology, to be included in the sample for this study. Students may declare the Bachelor 
of Science in Biology with an emphasis or concentration but only the BA or BS in 
biology will be recorded. There is no difference in course work requirements for a 
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student declared for either the BA or BS biology major regardless of emphasis or 
concentration for the first year. Both the BA and BS in biology are STEM majors. This 
variable is recorded for the student’s second and third terms as an indicator of intent to 
complete a STEM major and persist in the STEM pipeline and be retained by the 
university. Major is recorded as biology, other STEM, or non-STEM.  
UMKC transcript. Student transcripts are a semester-by-semester record of 
enrollment which lists courses grades, and GPA information. Some data of interest for 
this study is not directly recorded on the transcript but can be derived from the 
information including enrollment status (full or part-time), number of attempted and 
completed courses, more specific GPA’s for STEM and majors coursework, and 
academic standing. Courses attempted will be recorded regardless of grade earned and 
completed courses are recorded with a D- or higher grade in non-STEM courses or a 
grade of C- or higher in STEM courses. Courses for which a student enrolled but 
withdrew prior to the census date for each term are not recorded on the student’s 
transcript and will therefore not be counted as attempted. STEM courses are courses in 
biology3, chemistry, physics, and mathematics. Lastly, it is possible to determine if the 
student was retained and returned to UMKC to enroll in a subsequent semester. Unless 
noted otherwise, all variables are recorded for the students initial term (Year 1 Fall), 
                                                          
3 Biology courses will include all courses taught by the School of Biological Sciences 
including course subjects listed as life sciences-anatomy, life sciences-microbiology and 
life sciences-physiology. 
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second term (Year 1 Spring), and subsequent fall term (Year 2 Fall). Table 14 outlines 
the environment variables available from the student transcripts.  
 
Table 14 
Environment Variables from UMKC Transcript 
I-E-O 
Variable 
Data          
Source 
Specific Variable 
Environment 
UMKC     
Transcript 
 Enrollment Status 
 Number of courses attempted 
 Number of courses completed 
 Ratio of courses attempted to completed  
 Number of STEM courses attempted 
 Number of STEM courses completed 
 Ratio of STEM courses attempted to 
completed 
 Specific STEM courses attempted 
 Specific STEM courses completed 
 Ratio of STEM to non-STEM courses              
attempted and completed 
 Term, STEM, biology, and Cum GPA 
 UMKC academic standing 
 SBS academic standing 
 
 
Enrollment status. Enrollment status will distinguish students who are enrolled 
full or part-time. Undergraduate students enrolled in 12 or more credit hours of 
coursework are considered full-time and students enrolled in less than 12 hours are 
considered part-time (UMKC Catalog 2012-2013). For inclusion in the sample or 
control group students must be enrolled full-time in their initial semester. Students at 
112 
 
UMKC and in the School of Biological Sciences are encourage to enroll as full-time in 
a minimum of 12 credit hours and are encouraged to complete a minimum of 30 credit 
hours each academic year to remain “on-track” to graduate in four years. A review of 
the literature suggests that students who are enrolled full-time have a greater likelihood 
of being retained. The enrollment information is recorded for the students second (Year 
1 Spring) and third (Year 2 Fall) terms.  
Number of courses attempted. The number of courses attempted contains all 
courses for which the student was enrolled on the census date for each term at UMKC. 
The number of courses attempted will be recorded without regard for grade. A normal 
course load at UMKC is 15 credit hours or 5-3 credit hour courses (UMKC Catalog, 
2012-2013).  
Number of courses completed. The number of courses completed will include 
any course listed on the student transcript with a grade of D- or higher for non-STEM 
and C- or higher for STEM courses. Grade determinations are based on the 
requirements for students in the School of Biological Sciences as specified in the SBS 
Student Handbook and UMKC Catalog (SBS Handbook, 2012, UMKC Catalog, 2012-
2013).  
Ratio of attempted to completed courses. A ratio of courses attempted to courses 
completed is recorded for each semester.  
Number of STEM courses attempted. The number of STEM courses attempted 
contains all STEM courses for which the student was enrolled on the census date 
regardless of grade for each term at UMKC.  
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Number of STEM courses completed. The number of STEM courses completed 
will include any STEM course listed on the student transcript with a grade of C- or 
higher.  
Ratio of STEM courses attempted to completed. A ratio of STEM courses 
attempted to STEM courses completed is recorded for each semester.  
Specific STEM courses attempted. STEM courses attempted will specify which 
particular STEM courses the student enrolled in for their first and second terms at 
UMKC. A list of specific courses is provided in the data analysis section of this chapter.  
Specific STEM courses completed. STEM course completed will specify which 
particular STEM courses the student completed with a grade of C- or higher in for their 
first and second terms at UMKC. A list of specific courses is provided in the data 
analysis section of this chapter. 
Ratio of STEM to non-STEM courses attempted. A ratio of STEM to non-STEM 
courses attempted is recorded for each semester. Non-STEM courses are courses from 
any subject other than biology, chemistry, physics, or math.  
Ratio of STEM to non-STEM courses completed. A ratio of STEM to non-STEM 
courses completed is recorded for each semester. Non-STEM courses are courses from 
any subject other than biology, chemistry, physics, or math.  
Term grade point average. The GPA earned for each term is recorded. 
STEM grade point average. The GPA earned from STEM courses is determined 
and recorded.  
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Biology major grade point average. The GPA earned from courses that apply 
towards satisfaction of biology majors requirements is determined and recorded. 
Cumulative grade point average. Students cumulative GPA is calculated from 
all courses with a letter grade associated with grade points. Grades of NR (not reported) 
are counted as F grades and are included in GPA calculations. Students initial fall term 
GPA is their cumulative GPA. The cumulative GPA is calculated at the end of the 
second term and will include course work from students first and second terms.   
Academic standing with UMKC. Students enrolled at UMKC are required to 
maintain a University of Missouri cumulative GPA of 2.0 or higher (4.0 scale) to 
remain in good academic standing with the university (UMKC Catalog, 2012-2013). 
Academic standing with the School of Biological Sciences. Students enrolled at 
UMKC with a declared major in the School of Biological Sciences are required to 
maintain a University of Missouri cumulative biology GPA of 2.0 or higher (4.0 scale) 
to remain in good academic standing with the school (UMKC Catalog, 2012-2013). 
Output. Astin defines the output variables as student characteristics after 
exposure to the environment (1993). Outcomes are obtained from students educational 
records and are recorded as two dependent variables: retention and major.  Retention is 
recorded as enrollment in a second fall term (Year 2 Fall). Major is recorded as the 
major declared for the second fall term and is recorded as biology, other STEM, or non-
STEM.  
Retention. Retention is recorded as a dichotomous yes or no variable to indicate 
whether or not the students enrolled in a third term (Year 2 Fall) at UMKC.  
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Major. This variable will distinguish students on the basis of their declared 
major. Major is recorded as as biology, other STEM, or non-STEM. See full description 
under environment variables from student record. 
Data Analysis 
In this study the impact of a first year experience course on first to second year 
retention of first-time college freshman enrolled as biology majors at the University of 
Missouri-Kansas City (UMKC) is examined using Alexander Astin’s (1993) Input-
Environment-Output (I-E-O) model. Using the sequential variable categories of input, 
environment, and output, a hierarchical binary linear regression analysis is performed to 
examine the large number of independent variables for this study. The research takes 
place in three phases.  
Phase 1) Phase 1 uses demographic statistics and t-tests to make observations of 
each sample and control group on the basis of gender, race, and state.  The 
observations are made for high school GPA, ACT composite and sub-scores, 
and for Term 1 GPA.  
Phase 2) Phase 2 uses factor analysis (Williams, Onsman, and Brown, 2010, and 
Costello and Osborne, 2005) to group correlated independent variables into 
constructs. The process for factor analysis involves five steps: (1) determining 
the type of factor analysis, (2) choosing an extraction method, (3) determining 
the number of factors to be retained, (4) choosing a rotation method, and )5) 
interpreting and labeling the factors (Williams, Onsman, and Brown, 2010, and 
Costello and Osborne, 2005).  
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Phase 3) Phase 3 uses hierarchical binary logistic regression analysis (Astin, 
1993) to examine variables in three blocks as outlined in Table 15 using the 
SPSS 21 statistical software package. Each block is entered into the regression 
in order based on proximity of time to the dependent variable. Determination of 
the order for entry for the variables is based on recommendations by Astin and 
Antonio (2012) based on the following interaction effects:  
1. Simple (main) effects of student input variables 
2. Interactions between input variables 
3. Within college environmental variables  
4. Interactions between within college environmental variables 
5. Interactions between input variables and environmental variables 
6. Environmental variables that occur subsequent to matriculation to the 
college 
7. Interactions between those subsequent environmental variable and any 
antecedent variables. (p. 309) 
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Table 15 
Input, Environment, and Output Variables by Regression Block  
Regression 
Block 
I-E-O          
Variable 
Data          
Source 
Specific Variable 
Block 1 Input  
UMKC 
Application 
 Gender 
 Permanent address (city and state) 
 Distance to attend 
 Race 
High School 
Transcript  
 Graduation year 
 Number of STEM courses completed 
by subject 
 Highest STEM course completed by 
subject 
 Average grade for STEM courses by 
subject 
 Average grade for STEM courses 
overall  
 Cumulative GPA 
 ACT composite and sub-scores 
 Number of AP courses completed by 
subject 
Credit by 
Examination       
Test Report 
 Number of AP tests completed 
 Average AP scores by subject 
 Average AP test score 
 Average AP STEM test score  
Post-
Secondary 
Transcript 
 Number of HDSC courses completed 
by subject 
 Number of post-HS courses completed 
by subject 
 HDSC GPA 
 HSDC STEM GPA 
 Post-HS GPA 
 Post-HS STEM GPA 
 Cumulative post-secondary GPA 
(Table 15 continues) 
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(Table 15 continued) 
Input, Environment, and Output Variables by Regression Block 
Regression 
Block 
I-E-O          
Variable 
Data          
Source 
Specific Variable 
Block 2 
Environment 
Term 1 
(Year 1 Fall)  
Student            
Record 
 Year of Initial Term 
 Student Group  
 Residence 
UMKC 
Transcript 
 Course Load 
 Number of courses attempted by 
subject 
 Number of courses completed by 
subject 
 Ratio of attempted to completed 
courses 
 Number of STEM courses attempted 
by subject 
 Number of STEM courses completed 
by subject 
 Ratio of STEM courses attempted to 
completed  
 Specific STEM course attempted 
 Specific STEM courses completed 
 Ratio of STEM to non-STEM courses               
attempted and completed 
 Term, STEM, and majors (biology) 
GPA 
 UMKC academic standing 
 SBS academic standing 
(Table 15 continues) 
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(Table 15 continued) 
Input, Environment, and Output Variables by Regression Block 
Regression 
Block 
I-E-O          
Variable 
Data          
Source 
Specific Variable 
Block 3 
Environment 
Term 2 
(Year 1 
Spring) 
Student            
Record 
 Student Group  
 Residence 
 Major 
UMKC 
Transcript 
 Enrollment Status 
 Course Load 
 Number of courses attempted by 
subject 
 Number of courses completed by 
subject 
 Ratio of attempted to completed 
courses 
 Number of STEM courses attempted 
by subject 
 Number of STEM courses completed 
by subject 
 Ratio of STEM courses attempted to 
completed  
 Specific STEM course attempted 
 Specific STEM courses completed 
 Ratio of STEM to non-STEM courses            
attempted and completed 
 Term, STEM, majors (biology, and 
cum GPA 
 UMKC academic standing 
 SBS academic standing 
 Block 4  Output 
Student             
Record 
 Retention 
 Major 
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Variable descriptions and coding values. The variable descriptions and coding 
logic for the analysis are provided in this section. Variables for each block of the 
regression analysis are presented in order by data source.  
Block 1: Input Variables. The first regression block is comprised of variables 
that are divided into two types of characteristics, demographic and pre-college, and are 
collected from student’s UMKC application, high school transcript, AP test score 
reports, and post-secondary transcripts. The demographic variables are collected from 
the students UMKC application and include gender, permanent address (city and state), 
distance to attend, and race (see Table 16). These data is considered stable and are not 
expected to vary significantly through the first year of college.  
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Table 16 
 
Block 1-Input Variable Descriptions and Coding Logic for UMKC Application Data 
 
Variable Description/Coding 
GENDER 1 = Male 
  2 = Female 
CITY City 
STATE State 
DISTANCE 
How many miles is UMKC from the student's permanent 
address? 
  1 = 5 or less 
  2 = 6 to 10 
  3 = 11 to 50 
  4 = 51 to 100 
  5 = 101 to 500 
  6 = over 500 
 How did the student identify their race? 
 1 = Not Marked 
 2 = Marked 
RACE 1 American Indian or Alaska Native 
RACE 2 Asian (underrepresented) 
RACE 3 
Asian (Chinese, Filipino, Japanese, Korean, Asian Indian, or 
Thai) 
RACE 4 Black/African American 
RACE 5 Hispanic/Latino 
RACE 6 Native Hawaiian or other Pacific Islander 
RACE 7 White 
 
 
Pre-college variables are descriptive characteristics from high school prior to 
matriculation at UMKC. Eight pre-college variables are recorded from final high school 
transcripts and include (1) graduation year, (2) number of STEM courses completed by 
subject, (3) highest STEM course completed by subject, (4) average grade in STEM 
courses by subject, (5) average grade in all STEM courses, (6) cumulative GPA, (7) 
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ACT composite and sub-scores (or converted SAT scores), and (8) number of AP 
courses completed (see Table 17). 
 
Table 17 
Block 1-Input Variable Descriptions and Coding Logic for High School Transcript 
Data 
 
Variable Description/Coding 
YRGRADHS Year of HS graduation? 
 1 = 2012 
 2 = 2011 
 3 = 2010 
 4 = 2009 
 5 = 2008 
 6 = 2007 
 7 = 2006 
 8 = 2005 
  9 = 2004 or earlier 
 Number of HS STEM courses completed by subject? 
 1 = None 
 2 = 1/2 
 3 = 1 
 4 = 2 
 5 = 3 
 6 = 4 
 7 = 5 or more 
HSMATH Courses: Mathematics 
HSBIOL Courses: Biology 
HSCHEM Courses: Chemistry 
HSPHYS Courses: Physics 
 (Table 17 continues) 
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(Table 17 continued) 
  
Variable Description/Coding 
 Highest HS STEM course completed by subject? 
 1 = No 
 2 = Yes 
HSMATH1  Math Courses Completed: Algebra II 
HSMATH2 Math Courses Completed: Precalculus/Trigonometry 
HSMATH3 Math Courses Completed: Probability and Statistics 
HSMATH4 Math Courses Completed: Calculus 
HSMATH5 Math Courses Completed: AP Probability and Statistics 
HSMATH6 Math Courses Completed: AP Calculus 
HSBIOL 1 Biology Courses Completed: Biology I 
HSBIOL 2 Biology Courses Completed: Anatomy and Physiology 
HSBIOL 3 Biology Courses Completed: Biology II 
HSBIOL 4 Biology Courses Completed: AP Biology 
HSCHEM 1 Chemistry Courses Completed: Chemistry I 
HSCHEM 2 Chemistry Courses Completed: Chemistry II 
HSCHEM 3 Chemistry Courses Completed: AP Chemistry  
HSPHYS1 Physics Courses Completed: Physics 
HSPHYS2 Physics Courses Completed: AP Physics 
 Average grade in HS STEM courses by subject? 
 1 = D (0.000 to 1.999) 
 2 = C (2.000 to 2.299) 
 3 = C+ (2.300 to 2.699) 
 4 = B- (2.700 to 2.999) 
 5 = B (3.000 to 3.299) 
 6 = B+ (3.300 to 3.699) 
 7 = A- (3.700 to 3.999) 
 8 = A or A+ (4.000) 
HSMATHAVG Courses: Mathematics 
HSBIOLAVG Courses: Biology 
HSCHEMAVG Courses: Chemistry 
HSPHYSAVG Courses: Physics 
 (Table 17 continues) 
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(Table 17 continued) 
  
Variable Description/Coding 
HSOAVGSTEM Average grade in HS STEM courses? 
 1 = D (0.000 to 1.999) 
 2 = C (2.000 to 2.299) 
 3 = C+ (2.300 to 2.699) 
 4 = B- (2.700 to 2.999) 
 5 = B (3.000 to 3.299) 
 6 = B+ (3.300 to 3.699) 
 7 = A- (3.700 to 3.999) 
  8 = A or A+ (4.000) 
HSCUM HS cumulative gpa 
 1 = D (0.000 to 1.999) 
 2 = C (2.000 to 2.299) 
 3 = C+ (2.300 to 2.699) 
 4 = B- (2.700 to 2.999) 
 5 = B (3.000 to 3.299) 
 6 = B+ (3.300 to 3.699) 
 7 = A- (3.700 to 3.999) 
  8 = A or A+ (4.000) 
ACTCOMP ACT Composite Score 
ACTENG ACT Sub-Score: English 
ACTMATH ACT Sub-Score: Math 
ACTSCI ACT Sub-Score: Science 
ACTREAD ACT Sub-Score: Reading 
APCOURSES Number of AP courses completed? 
 1 = None 
 2 = 1/2 
 3 = 1 
 4 = 2 
 5 = 3 
 6 = 4 
  7 = 5 or more 
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In addition to the high school transcript, pre-college variables including AP test scores, 
recorded from AP test score reports, and college credit earned through High School 
Dual Credit partnerships and college credit earned post-graduation in the summer prior 
to the initial term of enrollment at UMKC as reported on official college transcripts are 
included in the Block 1 input variables (see Table 18).  
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Table 18 
 
Block 1-Input Variables: Pre-College Post-Secondary Transcript and AP Test score 
Report Variable Descriptions and Coding Value  
Variable Description/Coding 
APTESTS Number of AP tests completed? 
 1 = None 
 2 = 1/2 
 3 = 1 
 4 = 2 
 5 = 3 
 6 = 4 
  7 = 5 or more 
 AP STEM test scores by subject 
 1 = No test score 
 2 = 1  
 3 = 2 
 4 = 3 
 5 = 4  
 6 = 5 
APCALCAB AP test: Calculus AB 
APCALC BC AP test: Calculus BC 
APBIOL AP test: Biology 
APCHEM AP test: Chemistry 
APPHYSB AP test: Physics B 
APPHYSCM AP test: Physics C-Mechanics 
APPHYSCEM AP test: Physics C-E and M 
 (Table 18 continues) 
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(Table 18 continued) 
  
Variable Description/Coding 
APOAVG Average AP test score? 
APSTEMOAVG Average AP STEM test scores? 
 1 = No test score 
 2 = 1 (1-1.49) 
 3 = 2 (1.5-2.49) 
 4 = 3 (2.5-3.49) 
 5 = 4 (3.5-4.49) 
  6 = 5 (4.5-5) 
 Number of HSDC courses completed by subject? 
 1 = None 
 2 = 1 
 3 = 2 
 4 = 3 
 5 = 4 
 6 = 5 
 7 = 6 or more 
HSDCENG Courses: English 
HSDCMATH Courses: Mathematics 
HSDCBIOL Courses: Biology 
HSDCCHEM Courses: Chemistry 
HSDCPHYS Courses: Physics 
HSDCOSCI Courses: Other Science (including computer) 
HSDCSS Courses: Social Studies 
HSDCFRLG Courses: Foreign Language 
HSDCART Courses: Fine Arts 
 (Table 18 continues) 
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(Table 18 continued) 
  
Variable Description/Coding 
 Number of courses completed by subject (post-HS)? 
 1 = None 
 2 = 1 
 3 = 2 
 4 = 3 
 5 = 4 
 6 = 5 
 7 = 6 or more 
COLENG Courses: English 
COLMATH Courses: Mathematics 
COLBIOL Courses: Biology 
COLCHEM Courses: Chemistry 
COLPHYS Courses: Physics 
COLOSCI Courses: Other Science (including computer) 
COLSS Courses: Social Studies 
COLFRLG Courses: Foreign Language 
COLART Courses: Fine Arts 
HSDCGPA GPA from HSDC college credit 
HSDCSTEMGPA GPA from HSDC STEM college credit 
PHSGPA GPA from courses completed post HS graduation 
PHSSTEMGPA GPA from STEM courses completed post HS gradation 
PSCUMGPA GPA from all post-secondary courses 
 1 = D (0.000 to 1.999) 
 2 = C (2.000 to 2.299) 
 3 = C+ (2.300 to 2.699) 
 4 = B- (2.700 to 2.999) 
 5 = B (3.000 to 3.299) 
 6 = B+ (3.300 to 3.699) 
 7 = A- (3.700 to 3.999) 
  8 = A or A+ (4.000) 
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Block 2: Environment Variables-Year 1 Fall. The second regression block is 
comprised of environmental variables related to experiences of students in their initial 
term, Year 1 Fall, at UMKC and are recorded from student records and transcripts. The 
environmental variables recorded for Block 2 from student records includes year of 
initial term, student group, and residence (see Table 19).  
 
Table 19 
Block 2 Environment Variables: Year 1 Fall Student Record Variable Descriptions 
and Coding Values 
Variable Description/Coding 
ENTRY Year of initial term enrollment at UMKC?  
 1 = 2012 
 2 = 2011 
 3 = 2010 
 4 = 2009 
 5 = 2008 
 6 = 2007 
 7 = 2006 
  8 = 2005 
 Was the student associated with a student group?  
 1 = No 
 2 = Yes 
FGC Student Group: First Generation College 
ATH1 Student Group: Athlete 
GREEK1 Student Group: Fraternity/Sorority 
COACH1 Student Group: Coaching 
PELL1 Student Group: Pell Eligible 
RES1 Did the student live on campus their first semester at UMKC? 
 1 = Off Campus 
  2 = On Campus 
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The environment variables recorded from student transcripts are number of courses 
attempted and completed overall, number of courses attempted and completed 
specifically for STEM courses, STEM courses attempted and completed by subject and 
course type, ratio of attempted to completed courses overall and specifically for STEM 
courses, and term, STEM, and major GPA. Additionally, academic standing with 
UMKC and the School of Biological Sciences is recorded for each student. A list of 
specific variables with descriptions and coding information for Block 2 are listed in 
Table 20.  
 
Table 20 
Block 2 Environment Variables: Year 1 Fall UMKC Transcript Variable Descriptions 
and Coding Values 
Variable Description/Coding 
ATT1 Number of courses attempted in first term? 
COM1 Number of courses completed in first term? 
RATIO1 Ratio of attempted to completed courses in first term? 
ATTSTEM1 Number of STEM courses attempted in first term? 
COMSTEM1 Number of STEM courses completed in first term? 
STEMRATIO1 Ratio of attempted to completed STEM courses in first term? 
 (Table 20 continues) 
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(Table 20 continued) 
  
Variable Description/Coding 
 
STEM courses attempted in first term by subject and course 
type? 
 1 = No 
 2 = Yes 
MATH11 Courses: Math 100 Intermediate Math 
MATH21 Courses: Math 110 College Algebra 
MATH31 Courses: Math 120 Precalculus 
MATH41 Courses: Math 125 Trigonometry 
MATH51 
Courses: Math 210 or Math 216 Calculus I or Biomath I: 
Calculus and Modeling 
MATH61 
Courses: Math 220 or 226 Calculus II or Biomath II: Statistics 
and Modeling 
MATH71 Courses: Statistics 235 Elementary Statistics 
BIOL11 Courses: Biology 102 Biology and Living 
BIOL21 Courses: Biology 108 General Biology I 
BIOL31 Courses: Biology 108 L General Biology I Lab 
BIOL41 Courses: Biology 109 General Biology II 
BIOL51 Courses: Biology 109 L General Biology II Lab 
BIOL61 Courses: Biology 200 Level 
BIOL71 Courses: Biology 300 Level 
CHEM11 Courses: Chemistry 111 Physical Basis of Chemistry 
CHEM21 Courses: Chemistry 115 Elements of Chemistry I 
CHEM31 Courses: Chemistry 115L Elements of Chemistry, Laboratory I 
CHEM41 Courses: Chemistry 211 General Chemistry I 
CHEM51 Courses: Chemistry 211L Experimental Chemistry I 
CHEM61 Courses: Chemistry 212R General Chemistry II 
CHEM71 Courses: Chemistry 212LR Experimental General Chemistry I 
CHEM81 Courses: Chemistry 300 Level Lecture 
CHEM91 Courses: Chemistry 300 Level Laboratory  
PHYS11 Courses: Physics 210 General Physics I (with Lab)  
PHYS21 Courses: Physics 220 General Physics II (with Lab) 
 (Table 20 continues) 
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(Table 20 continued) 
  
Variable Description/Coding 
 
STEM courses completed in first term by subject and course 
type? 
 1 = No 
 2 = Yes 
MATH11C Courses: Math 100 Intermediate Math 
MATH21C Courses: Math 110 College Algebra 
MATH31C Courses: Math 120 Precalculus 
MATH41C Courses: Math 125 Trigonometry 
MATH51C 
Courses: Math 210 or Math 216 Calculus I or Biomath I: 
Calculus and Modeling 
MATH61C Courses: Math 220 Calculus II  
MATH71C Courses: Statistics 235 Elementary Statistics 
BIOL11C Courses: Biology 102 Biology and Living 
BIOL21C Courses: Biology 108 General Biology I 
BIOL31C Courses: Biology 108 L General Biology I Lab 
BIOL41C Courses: Biology 109 General Biology II 
BIOL51C Courses: Biology 109 L General Biology II Lab 
BIOL61C Courses: Biology 200 Level 
BIOL71C Courses: Biology 300 Level 
CHEM11C Courses: Chemistry 111 Physical Basis of Chemistry 
CHEM21C Courses: Chemistry 115 Elements of Chemistry I 
CHEM31C Courses: Chemistry 115L Elements of Chemistry, Laboratory I 
CHEM41C Courses: Chemistry 211 General Chemistry I 
CHEM51C Courses: Chemistry 211L Experimental Chemistry I 
CHEM61C Courses: Chemistry 212R General Chemistry II 
CHEM71C Courses: Chemistry 212LR Experimental General Chemistry I 
CHEM81C Courses: Chemistry 300 Level Lecture 
CHEM91C Courses: Chemistry 300 Level Laboratory  
PHYS11C Courses: Physics 210 General Physics I (with Lab)  
PHYS21C Courses: Physics 220 General Physics II (with Lab) 
SNSATTRATIO1 Ratio of STEM to non-STEM courses attempted 
SNSCOMRATIO1 Ratio of STEM to non-STEM courses completed 
 (Table 20 continues) 
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(Table 20 continued) 
  
Variable Description/Coding 
TERM1GPA Year 1 Fall GPA? 
STEM1GPA Year 1 Fall STEM (Math, Biology, Chemistry, Physcis) GPA? 
BIOLGPA Year 1 Fall term biology major GPA? 
 1 = D (0.000 to 1.999) 
 2 = C (2.000 to 2.299) 
 3 = C+ (2.300 to 2.699) 
 4 = B- (2.700 to 2.999) 
 5 = B (3.000 to 3.299) 
 6 = B+ (3.300 to 3.699) 
 7 = A- (3.700 to 3.999) 
  8 = A or A+ (4.000) 
ACDSTD1 Academic standing with UMKC? 
 1 = Not in good standing (Year 1 Fall term GPA below 2.0) 
  2 = Good Standing (Year 1 Fall term GPA 2.0 or higher) 
BIOSTD1 Academic standing with SBS? 
 1 = Not in good standing (Year 1 Fall term BIO GPA below 2.0) 
  2 = Good Standing (Year 1 Fall term BIO GPA 2.0 or higher) 
 
 
Block 3: Environment Variables-Year 1 Spring. The third block in the 
regression contains environment variables related to experiences of students in their 
second term, Year 2 Spring, at UMKC and are recorded from student records and 
transcripts. The environmental variables recorded for Block 3 from student records 
includes student group, major, and residence (see Table 21).   
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Table 21 
Block 3 Environment Variables: Year 1 Spring Student Record Variable Descriptions 
and Coding Values 
Variable Description/Coding 
TERM2 Did the student enroll in Year 1 Spring? 
 1 = No 
  2 = Yes 
 Was the student associated with a student group?  
 1 = No 
 2 = Yes 
ATH2 Student Group: Athlete 
GREEK2 Student Group: Fraternity/Sorority 
COACH2 Student Group: Coaching 
PELL2 Student Group: Pell Eligible 
RES2 Did the student live on campus in Year 1 Spring? 
 1 = Off Campus 
  2 = On Campus 
MAJOR What is the students declared major in Year 1 Spring? 
 1 = Continued with Biology 
 
2 = Changed major to STEM non-biology (Math, Chemistry, 
Physics) 
  3 = Changed major to non-STEM area 
 
 
The Block 3 variables for students second term (Year 1 Spring) are recorded from 
student transcript data is number of courses attempted and completed overall, number of 
courses attempted and completed specifically for STEM courses, STEM courses 
attempted and completed by subject and course type, ratio of attempted to completed 
courses overall and specifically for STEM courses, and term, STEM, biology, and 
cumulative GPA. Additionally, academic standing with UMKC and the School of 
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Biological Sciences is recorded for each student. A list of specific variables for Block 3 
are listed in Table 22 with descriptions and coding information.  
 
Table 22 
Block 3 Environment Variables: Year 1 Spring UMKC Transcript Variable 
Descriptions and Coding Values 
Variable Description/Coding 
ATT2 Number of courses attempted in Year 1 Spring? 
COM2 Number of courses completed in Year 1 Spring? 
RATIO2 Ratio of attempted to completed courses in Year 1 Spring? 
ATTSTEM2 Number of STEM courses attempted in Year 1 Spring? 
COMSTEM2 Number of STEM courses completed in Year 1 Spring? 
STEMRATIO2 
Ration of attempted to completes STEM courses in Year 1 
Spring? 
 (Table 22 continues) 
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(Table 22 continued) 
 
Variable Description/Coding 
 
STEM courses attempted in Year 1 Spring by subject and course 
type? 
 1 = No 
 2 = Yes 
MATH12 Courses: Math 100 Intermediate Math 
MATH22 Courses: Math 110 College Algebra 
MATH32 Courses: Math 120 Precalculus 
MATH42 Courses: Math 125 Trigonometry 
MATH52 
Courses: Math 210 or Math 216 Calculus I or Biomath I: 
Calculus and Modeling 
MATH62 
Courses: Math 220 or 226 Calculus II or Biomath II: Statistics 
and Modeling 
MATH72 Courses: Statistics 235 Elementary Statistics 
BIOL12 Courses: Biology 102 Biology and Living 
BIOL22 Courses: Biology 108 General Biology I 
BIOL32 Courses: Biology 108 L General Biology I Lab 
BIOL42 Courses: Biology 109 General Biology II 
BIOL52 Courses: Biology 109 L General Biology II Lab 
BIOL62 Courses: Biology 200 Level 
BIOL72 Courses: Biology 300 Level 
CHEM12 Courses: Chemistry 111 Physical Basis of Chemistry 
CHEM22 Courses: Chemistry 115 Elements of Chemistry I 
CHEM32 Courses: Chemistry 115L Elements of Chemistry, Laboratory I 
CHEM42 Courses: Chemistry 211 General Chemistry I 
CHEM52 Courses: Chemistry 211L Experimental Chemistry I 
CHEM62 Courses: Chemistry 212R General Chemistry II 
CHEM72 Courses: Chemistry 212LR Experimental General Chemistry I 
CHEM82 Courses: Chemistry 300 Level Lecture 
CHEM92 Courses: Chemistry 300 Level Laboratory  
PHYS12 Courses: Physics 210 General Physics I (with Lab)  
PHYS22 Courses: Physics 220 General Physics II (with Lab) 
 (Table 22 continues) 
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(Table 22 continues) 
Variable Description/Coding 
 
STEM courses completed in Year 1 Spring by subject and course 
type? 
 1 = No 
 2 = Yes 
MATH12C Courses: Math 100 Intermediate Math 
MATH22C Courses: Math 110 College Algebra 
MATH32C Courses: Math 120 Precalculus 
MATH42C Courses: Math 125 Trigonometry 
MATH52C 
Courses: Math 210 or Math 216 Calculus I or Biomath I: 
Calculus and Modeling 
MATH62C Courses: Math 220 Calculus II  
MATH72C Courses: Statistics 235 Elementary Statistics 
BIOL12C Courses: Biology 102 Biology and Living 
BIOL22C Courses: Biology 108 General Biology I 
BIOL32C Courses: Biology 108 L General Biology I Lab 
BIOL42C Courses: Biology 109 General Biology II 
BIOL52C Courses: Biology 109 L General Biology II Lab 
BIOL62C Courses: Biology 200 Level 
BIOL72C Courses: Biology 300 Level 
CHEM12C Courses: Chemistry 111 Physical Basis of Chemistry 
CHEM22C Courses: Chemistry 115 Elements of Chemistry I 
CHEM32C Courses: Chemistry 115L Elements of Chemistry, Laboratory I 
CHEM42C Courses: Chemistry 211 General Chemistry I 
CHEM52C Courses: Chemistry 211L Experimental Chemistry I 
CHEM62C Courses: Chemistry 212R General Chemistry II 
CHEM72C Courses: Chemistry 212LR Experimental General Chemistry I 
CHEM82C Courses: Chemistry 300 Level Lecture 
CHEM92C Courses: Chemistry 300 Level Laboratory  
PHYS12C Courses: Physics 210 General Physics I (with Lab)  
PHYS22C Courses: Physics 220 General Physics II (with Lab) 
SNSATTRATIO2 Ratio of STEM to non-STEM courses attempted in YR 1 Spring? 
SNSCOMRATIO2 
Ratio of STEM to non-STEM courses completed in YR 1 
Spring? 
 (Table 22 continues) 
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(Table 22 continued) 
 
  
Variable Description/Coding 
TERM2GPA Year 1 Spring GPA? 
STEM2GPA 
Year 1 Spring STEM (Math, Biology, Chemistry, Physcis) 
GPA? 
CUMBIOLGPA Cumulative Year 1 Fall and Spring Biology GPA? 
CUMGPA Cumulative Year 1 Fall and Spring GPA 
 1 = D (0.000 to 1.999) 
 2 = C (2.000 to 2.299) 
 3 = C+ (2.300 to 2.699) 
 4 = B- (2.700 to 2.999) 
 5 = B (3.000 to 3.299) 
 6 = B+ (3.300 to 3.699) 
 7 = A- (3.700 to 3.999) 
  8 = A or A+ (4.000) 
ACDSTD2 Academic standing with UMKC? 
 1 = Not in good standing (cumulative GPA below 2.0) 
  2 = Good Standing (cumulative GPA 2.0 or higher) 
BIOSTD2 Academic standing with SBS? 
 1 = Not in good standing (cumulative BIO GPA below 2.0) 
  2 = Good Standing (cumulative BIO GPA 2.0 or higher) 
 
 
Block 4: Output Variables-Year 2 Fall. The final block of variables indicates 
whether or not the students enrolled in a second fall term and if they did so as a biology 
major, STEM major other than biology, or non-STEM major. The variables for Block 4 
are the dependent variables for this study and are recorded from student records. The 
output variables are listed in Table 23 with descriptions and coding values. 
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Table 23 
 Block 4 Output Variables: Year 2 Fall Student Record Variable Descriptions and 
Coding Values 
Variable Description/Coding 
End Year 1 Did the student enroll for Year 2 Fall?  
 1 = No 
  2 = Yes 
MAJORY2 What is the students declared major for Year 2 Fall? 
 1 = Continued with Biology 
 
2 = Changed major to STEM non-biology (Math, Chemistry, 
Physics) 
  3 = Changed major to non-STEM area 
 
 
Prior to analysis the correlation between variables is determined. Variables with 
high correlations within a block are reviewed and a determination made as to which 
variables will be used prior to moving forward with the regression analysis. The total 
variation explained by each regression equation along with the change in variation 
explained through the addition of each block is determined.  
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CHAPTER 4 
ANALYSIS 
 
In this chapter, analysis of the data is organized in into three phases and in 
accord with the three sample groups selected to address the two research questions 
examined. Extensive analysis is undertaken to determine the impact of enrollment in the 
Biology 115: First Year Seminar, a first year experience course at the University of 
Missouri-Kansas City (UMKC) on the persistence of students enrolled as STEM majors 
(biology) in the School of Biological Sciences. In addition to the overall impact, two 
different class models, a 16-week and 8-week session, are further analyzed to determine 
if there is a differential impact on persistence between students in these two samples 
based on mode of instruction.  Phase 1 includes analysis of the descriptive statistics, 
frequency tables and t-tests, and allows for observation of the impact at a superficial 
level based on Term 1 cumulative GPA.  Phase 2 includes an examination of the 
differences in the underlying variables between sample groups to identify predictive 
factors that in turn provide evidence for a more substantial analysis in Phase 3.  Lastly, 
Phase 3 utilizes logistic regression to make determinations about the overall impact of 
the first year experience course on retention and differences in major selections between 
the 16-week and 8-week model. The two research questions addressed by the study are:  
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1. What impact has Biology 115: First Year Seminar had on first-time college 
freshman enrolled full-time as declared science, technology, engineering, 
and mathematics (STEM) majors in the School of Biological Sciences at the 
University of Missouri-Kansas City?  
2. How has an alternative eight-week (half-semester) model of Biology 115: 
First Year Seminar influenced students’ academic performance and retention 
in the School of Biological Sciences at the University of Missouri-Kansas 
City?   
Data 
The data for this study are obtained from the UMKC Data Warehouse. An 
official request for data is made to the UMKC Data Warehouse. Tables 16-23 from 
Chapter 3 outlining the predetermined variable descriptions and coding for the data are 
submitted with the initial quest for data. The availability of records, changes in how 
official information was recorded for student records over time, and consultation with 
the UMKC Registrar and Director of Institutional Research results in necessary 
adjustments to the variable descriptions and coding values.  Decisions regarding the 
changes in variable descriptions and coding values and the specific adjustments made 
are explained in the following sections for each block. Table 24 provides an outline of 
the variables included in the analysis for this study.  
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Table 24 
 
 
 
 
Regression 
Block
I-E-O          
Variable
Data          
Source
Specific Variable
         Gender
         State
         Race
         Graduation year
         Number of STEM courses completed by subject
         Highest STEM course completed by subject
         Grade for STEM courses by subject
         Cumulative GPA
         ACT composite and sub-scores
         Year of Initial Term
         Student Group 
         Course Load
         Number of courses completed by subject
         Number of STEM courses completed by subject
         Specific STEM courses completed
         Term, STEM, and majors (biology) GPA
         Academic standing at UMKC
         Academic standing for biology major reuqirements
Student Record          Major
         Enrollment Status
         Course Load
         Number of courses completed by subject
         Number of STEM courses completed by subject
         Specific STEM courses completed
         Term, STEM, and majors (biology) GPA
         Academic standing at UMKC
         Academic standing for biology major reuqirements
         Retention
         Major
Block 3
Environment 
Term 2                        
(Year 1 Spring )
UMKC 
Transcript
Output             
(Year 2 Fall)
Student RecordBlock 4
Block 2
Environment 
Term 1                        
(Year 1 Fall)
Student Record
UMKC 
Transcript
Input, Environment, and Output Variables by Regression Block 
Block 1 Input 
UMKC 
Application
High School 
Transcript 
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Block 1: Input Variables. 
UMKC Application. The first regression block is comprised of variables divided 
into two types of characteristics, demographic and pre-college, and are collected from 
student applications to UMKC and high school transcripts. The demographic variables 
collected from the student applications include gender, state, and race. Data are pulled 
for students whose initial term of enrollment at UMKC is fall semesters for the years 
2005 to 2012. City of primary residence is not consistently available, especially for 
students in the control sample and is therefore deleted as a study variable. Necessarily 
the distance variable is also deleted. After consultation with the UMKC Registrar and 
Director for Institutional Research it is recommended that any sub-group within each 
sample population with less than 5 members be included in a larger category to ensure 
students in the study remain unidentifiable. As such, two changes are made to the 
variable descriptions and coding values.  The variable of State of primary residence is 
changed from listing each state separately to three categories of Missouri, Kansas, and 
Other.  Likewise, the variable of Race is changed from seven categories of White, 
Black, Asian (Chinese, Filipino, Japanese, Korean, Asian Indian, or Thai) Asian 
(underrepresented), Hispanic/Latino, Native Hawaiian or other Pacific Islander, 
American Indian or Alaskan Native, to four categories of White, Black, Other 
Underrepresented Students of Color, and Unknown.   
High School Transcript. Pre-college variables are descriptive characteristics of 
students from high school prior to matriculation at UMKC. Six pre-college variables are 
recorded from the students final high school transcripts including (1) graduation year, 
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(2) number of STEM courses completed by subject, (3) highest STEM course 
completed by subject, (4) grade for STEM courses by subject, (5) cumulative GPA, and 
(6) ACT composite and sub-scores (or converted SAT scores).  Due to the wide range 
of course names and designations at the high school level and after consultation with 
experts from the UMKC Data Warehouse, the following additional guidelines are 
provided to make determinations on high school course titles to be included as a STEM 
course:  
 Math: Algebra II, Pre-calculus or Trig, Probability or Statistics, Calculus 
 Biology: Biology I, Anatomy, Biology II 
 Chemistry: Chemistry I, Chemistry II 
 Physics: Physics I 
As the specific courses to be included are pre-defined and may have not captured high 
school courses that were creatively named or beyond the scope of the courses noted, the 
variables for average grade by subject and average grade for STEM courses overall in 
high school are deleted.   Additionally, courses recorded on official high school 
transcripts are recorded as the title of the course in the high school and are not recorded 
with consistent indications of whether or not the course is offered or completed as 
Advanced Placement. As such, the number of Advanced Placement courses completed 
in high school is necessarily deleted.   
Credit by Examination Test Reports. In addition to the high school transcript, 
pre-college variables including AP test scores, recorded from AP test score reports 
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received by the UMKC Records office are included as Block 1 input variables (see 
Table 18). Advanced Placement (AP) courses are not consistently reported on high 
school transcripts and are not consistently available from the UMKC Data Warehouse 
and therefore are excluded as a variable for this study.  
Post-Secondary Transcripts. Due to the way information from high school dual 
credit courses are transcripted and the way enrollment terms are recorded at UMKC the 
UMKC Data Warehouse is not able to provide information for high school dual credit in 
a manner that allows them to be consistently and reliably separated from student’s 
enrollment during high school or in their initial term at UMKC.  Necessarily this 
variable and all related high school dual credit variables are therefore also excluded.  
Table 25 contains the final variables for Block 1.  
 
Table 25 
Block 1 Input Variables
 
 
Regression 
Block
I-E-O          
Variable
Data          
Source
Specific Variable
         Gender
         State
         Race
         Graduation year
         Number of STEM courses completed by subject
         Highest STEM course completed by subject
         Grade for STEM courses by subject
         Cumulative GPA
         ACT composite and sub-scores
Block 1 Input 
UMKC 
Application
High School 
Transcript 
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Block 2: Environment Variables-Term 1 Year 1 Fall.  
Student Record. The second regression block is comprised of environmental 
variables related to experiences of students in their initial term, Term 1(Year 1 Fall), at 
UMKC and are recorded from student records and transcripts. The environmental 
variables recorded for Block 2 from student records includes year of initial term and 
student group (first generation college (FGC), athlete, Greek, and coaching).  PELL 
eligibility and residence are not available from the Data Warehouse and are therefore 
excluded as variables for this study.  
UMKC Transcript. The environment variables recorded from the student 
transcripts are number of courses attempted, completed, and a ratio of attempted to 
completed overall, number of STEM courses attempted, completed, and a ratio of 
attempted to completed specifically for STEM courses.  After consultation with the 
UMKC Registrar and Director of Institutional Research and based on experience with 
the process and timeline for withdrawing from courses, the courses attempted and all 
related variables for attempt are deleted.  STEM courses that are completed, term, 
cumulative, STEM, and biology GPA, along with academic standing for UMKC and 
biology standing are recorded. Grade point averages provided from the Date Warehouse 
are reported as actual GPA’s and not the CIRP coded GPA categories. The recorded 
GPA’a are converted to CIRP coded categories for analysis. Table 26 contains the final 
variables for Block 2.  
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Table 26 
 Block 2 Environment Variables 
 
 
 
Block 3: Environment Variables-Term 2 Year 1 Spring. 
Student Record. The third block in the regression contains environment 
variables related to experiences of students second term (Year 1 Spring) at UMKC and 
are recorded from student records and transcripts. The environmental variables recorded 
for Block 3 from student records includes major. Records provided for student group 
from the UMKC Data Warehouse are identical to information provided for these 
variables for Block 2.  After careful consideration and reflection upon the reliability of 
this information, these variables are deleted from Block 3 as there is no way to 
determine if students continued to participate or the extent of their participation as 
Regression 
Block
I-E-O          
Variable
Data          
Source
Specific Variable
         Year of Initial Term
         Student Group 
         Course Load
         Number of courses completed by subject
         Number of STEM courses completed by subject
         Specific STEM courses completed
         Term, STEM, and majors (biology) GPA
         Academic standing at UMKC
         Academic standing for biology major reuqirements
Block 2
Environment 
Term 1                        
(Year 1 Fall)
Student Record
UMKC 
Transcript
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members of these student groups.  As with Block 2 PELL eligibility and residence are 
not available from the UMKC Data Warehouse and are excluded as variables for this 
study. Table 27 contains the final variables for Block 3. 
 
Table 27 
 Block 3 Environment Variables 
 
 
Analysis 
When the data collection is complete, the original data file (N = 20198) is 
delivered to the director of the UMKC Office of Institutional Research (IR).  University 
student identification numbers are replaced with a numerical value beginning at one in 
order for each record in the data file.  With the assistance of the Director for 
Institutional Research the data are reviewed and cleaned to ensure the data included 
only students (N = 596) who meet the requirements for inclusion in the sample groups 
identified for each research question. 
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  Phase 1-Descriptive statistics and t-tests. Descriptive statistics are helpful in 
making broad observations about a sample. A frequency table is generated in SPSS (v 
22) to provide an overview of the total sample selected for the study by sample group, 
gender, state, and race as presented in Table 28. The three sample groups are comprised 
of students whose initial fall terms are 2005-2007 (Control), 2009-2011 (16-Week), and 
2012 (8-Week). 
 
Table 28 
Frequency Table by Sample Group for Gender, State, and Race 
 
  
 
n % n % n %
Control 67 34% 129 66%
196 33%
16-Week 82 28% 213 72% 295 49%
8-Week 34 32% 71 68% 105 18%
Total 183 31% 413 69% 596 100%
n % n % n % n %
Control 164 84% 23 12% 9 5% 196 33%
16-Week 246 83% 37 13% 12 4% 295 49%
8-Week 94 90% 6 6% 5 5% 105 18%
Total 504 85% 66 11% 26 4% 596 100%
n % n % n % n % n %
Control 116 59% 42 21% 24 12% 14 7% 196 33%
16-Week 146 49% 68 23% 53 18% 28 9% 295 49%
8-Week 56 53% 22 21% 14 13% 13 12% 105 18%
Total 318 53% 132 22% 91 15% 55 9% 596 100%
MO KS Other Total
Male Female Total
Gender 
State 
Race
TotalWhite Black Other Students of Color Unknown
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Descriptive statistics. The majority in all of the sample groups are female, from 
Missouri, and White.  The average percentage of female students is 69% across all 
totals and ranges from 66% (n = 129) in the Control, to 72% (n = 213) in the 16-week 
sample, to 68% (n = 71) in the 8-week sample.  The average percentage of students 
from the state of Missouri is 85% of the total sample and ranges from 84% (n = 164) in 
the Control to 90% (n = 94) in the 8-week sample (16-week sample = 83%, n = 246).  
Despite the location of UMKC at the extreme western edge of the state and direct 
proximity to the state of Kansas these numbers are not surprising, especially in light of 
the strong athletic presence for Kansas State University and the University of Kansas.  
The racial composition of White students averages 53% of the total sample.  The White 
student populations is 59% (n = 116) in the control group but drops substantially to 49% 
(n = 146) in the 16 week sample and to 53% (n = 56) in the 8 week sample.  Populations 
of Black students remain surprisingly consistent over time ranging from 23% (n = 68) in 
the 16 week sample to 21% in both the control (n = 42) and 8-week sample (n = 22 
respectively).  Interpretations of data for the Other Underrepresented Students of Color 
group requires caution. At the recommendation of the Registrar and Director for 
Institutional Research to ensure students remain unidentifiable, populations of fewer 
than five students need to be considered for inclusion into a broader category.  Before a 
final decision is made for categories of race, White, Black, Hispanic/Latino, Other 
Underrepresented Students of Color and Unknown are considered.  The Hispanic/Latino 
and Unknown groups are of special interest for this study; the Hispanic/Latino group 
has population numbers of less than five in two of the three sample groups and the 
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Unknown group substantially contributes to the population of the 8 week sample, the 
smallest of the three sample groups.  T-tests are performed to observe the variability 
between the Hispanic/Latino group and all other groups for the total sample and for 
each sample group independently comparing high school cumulative GPA, ACT 
composite and sub scores in English and math, and Term 1 GPA.  Statistically 
significant differences in variability exist between the Hispanic/Latino group for all 
variables compared to the White and Black groups. When compared to the Asian 
Underrepresented group, the only variable that is statistically significant was high 
school cumulative GPA for the 8-Week sample (Asian Underrepresented, mean GPA 
2.0, Hispanic/Latino, mean GPA 4.204). Based on these observations, the variability 
between these two groups is determined to be sufficiently alike and the two categories 
are combined into a new category of Other Underrepresented Students of Color. T-tests 
results, with significance at the p < .05 level, for the Asian Underrepresented and 
Hispanic/Latino categories, are presented in Table 29.  T-tests are also performed to 
observe the variability between the Unknown group and all other race categories for the 
total sample and for each sample group independently; again comparing high school 
cumulative GPA, ACT composite and sub scores in English and math, and Term 1 
GPA.  No statistically significant differences in variability exist between the Unknown 
group and the Other Underrepresented Students of Color group.  There are statistically 
significant differences for all variables between the Unknown and Black groups.  
                                                          
4 Mean GPA is calculated from GPAs converted to CIRP GPA categories.  As such, the higher the GPA, the 
lower the mean.  
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Interestingly, there are statistically significant differences between the Unknown and 
White groups in all ACT variables (composite and subscores) but not for high school or 
term 1 cumulative GPAs.  As such, the Unknown group is likely a combination of 
students from a variety of ethnic categories and cannot be reliably combined with 
another group.   
 
Table 29  
 Independent Sample T-test for Asian Underrepresented and Hispanic/Latino groups  
  
 
 
Based on the significant difference in the time blocks for the 8-week sample (1 year) 
and the Control group and 16-week sample (3 years each),  and the combination of such 
diverse groups into the Other Underrepresented Students of Color category, comments 
regarding trends with regards to race require extreme caution.  
n Mean
Std. 
Deviation n Mean
Std. 
Deviation n Mean
Std. 
Deviation
Asian Underrepresented20 1.85 1.09 40 2.85 1.63 9 2.00* 0.87
Hispanic/Latino 4 2.25 1.50 12 2.17 1.11 5 4.20 1.92
Asian Underrepresented20 2.05 0.83 40 2.45 0.88 9 2.22 0.67
Hispanic/Latino 4 2.25 1.26 13 2.23 0.93 5 2.00 1.00
Asian Underrepresented20 2.25 1.02 40 2.48 1.20 9 2.11 1.17
Hispanic/Latino 4 2.25 1.26 13 2.31 1.11 5 1.80 1.30
Asian Underrepresented20 2.10 0.91 40 2.53 0.99 9 2.44 0.88
Hispanic/Latino 4 2.00 0.82 13 2.54 0.88 5 2.20 1.48
Asian Underrepresented20 3.50 2.06 40 3.73 2.05 9 3.33 2.69
Hispanic/Latino 4 4.00 2.16 13 4.38 2.47 5 5.80 2.49
* p < 0.05
TERM1GPA
RACE
HSCUM
ACTCOMP
ACTENG
ACTMATH
Control Sample 16-Week Sample 8-Week Sample
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T-tests. The analysis of this study incorporates all available student records for 
each sample that meet the criteria for inclusion (N = 596).  T-tests are performed to 
measure differences in means for several variables to make observations regarding the 
comparability of sample groups.  Independent-sample t-tests are performed between 
gender and race for high school cumulative GPA, ACT composite, ACT math sub-
scores, and grade point averages for Term 1 cumulative, STEM, and biology majors 
requirements.  It is important to note that despite the comparability of the groups as 
indicated by the results of the t-tests, all students eligible to be included are included.    
Gender. Independent sample t-tests for gender result in statistically significant 
differences in means for all three sample groups for ACT composite (Control 0.005, 16-
Week 0.005, 8-Week 0.017) and ACT math sub scores (0.000 for all samples) based on 
Levine’s Test for Equality of Variance (p < .05).  Significant differences are 
additionally observed between the means of male and female students in the control 
group for Term 1 cumulative GPA (0.001) and for the 16-week sample for high school 
cumulative GPA (0.021).   Female students have the higher mean for high school 
cumulative GPA and male students have the higher mean for ACT composite and sub 
scores across all three sample groups respectively.  For the Term 1 cumulative GPA 
male students have a higher mean than females in the control and 16-week samples but 
a lower mean for the 8-week sample.  The results for all three sample groups are 
presented in Table 30. The three sample groups are comprised of students whose initial 
fall terms are (1) Control: 2005-2007; (2) 16-Week: 2009-2011; and (3) 8-Week: 2012. 
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Table 30  
Independent Samples T-test by Gender 
 
 
 
Race. Independent sample t-tests for White and Black racial categories result in 
statistically significant differences in means for all three sample groups for variables 
except Term 1 cumulative GPA in the 8-week sample based on Levene’s Test for 
Equality of Variance (p < .05). Significance levels are .000 for all categories except as 
follows: Control-High School Cumulative GPA .008, Control-Term 1 GPA .006, 8-
Week ACT math sub score .002. Significant differences are also observed when 
comparing means of Whites and students in the Other Underrepresented Students of 
Color category for high school cumulative GPA (16-Week .014, 8-Week .031) and 
ACT math sub scores (16-Week .001, 8-Week .040) in both the 16 and 8-week samples 
and additionally for ACT composite (.000) and English sub scores (.001) in the 16-
n Mean
Std. 
Deviation n Mean
Std. 
Deviation n Mean
Std. 
Deviation
Male 67 2.22 1.24 82 2.80* 1.87 34 2.24 1.48
Female 129 1.98 1.37 210 2.30 1.53 71 1.96 1.35
Male 67 1.84* 0.90 82 2.01* 0.99 34 1.74* 0.79
Female 129 2.26 1.05 213 2.36 0.94 71 2.21 1.00
Male 67 2.18 1.11 82 2.20 1.18 34 1.88 1.12
Female 129 2.26 1.23 213 2.31 1.13 71 2.15 1.21
Male 67 1.91* 0.93 82 2.04* 1.01 34 1.62* 0.95
Female 129 2.54 1.15 213 2.58 1.06 71 2.39 1.03
Male 67 3.21* 2.30 82 3.80 2.42 34 3.35 2.25
Female 129 4.48 2.48 213 4.04 2.39 71 3.21 2.32
ACTCOMP
*p < 0.05
Note: Variable coding is such that the higher the gpa or ACT score the lower the mean (Example 4.0 gpa=0, 33-36 
ACT=0) 
8-Week Sample16-Week SampleControl Sample
ACTENG
ACTMATH
TERM1 
CUM GPA
GENDER
HSCUM
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week sample and for Term 1 cumulative GPA in the 8-week sample (.028).  No 
significant differences are observed for the Control group between Whites and students 
in the Other Underrepresented Students of Color category. When comparing the means 
of Black students and students in the Other Underrepresented Students of Color 
category statistically significant differences are observed for ACT composite (Control 
.000, 16-Week .000), English (Control .004, 16-Week .004), and math sub scores 
(Control .000, 16-Week .000), and Term 1 GPA (Control .000, 16-Week .000), for both 
the Control and 16-week samples and only for ACT English sub scores (.026) in the 8-
week sample.  No significant differences are observed between Black students and 
those in the Other Underrepresented Students of Color category for high school 
cumulative GPA. The results for all three sample groups are presented in Table 31.  
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Table 31 
 Independent Samples T-test by Race 
 
 
 
Summary. In summary, Phase 1 of the analysis includes analysis of the 
descriptive statistics, frequency tables and t-tests to allow for observation of the impact 
of the Biology 115 First Year Experience Course at a superficial level based on Term 1 
cumulative GPA with knowledge of students incoming academic statistics (high school 
GPA, ACT composite, ACT English and math sub scores).  A comparison of means by 
gender results in observations of higher means for female students for high school 
cumulative GPA and higher means for male students for all ACT scores and sub scores 
and Term 1 cumulative GPA.  A comparison of means by race results in higher means 
n Mean
Std. 
Deviation n Mean
Std. 
Deviation n Mean
Std. 
Deviation
White 116 1.92* 1.27 145 2.05* 1.63 56 1.57* 1.20
Black 42 2.57 1.52 67 3.12 1.43 22 2.86 1.25
Other SC 38 1.92 1.17 52 2.69** 1.5408 14 2.79** 1.6723
White 116 1.83* 0.93 146 1.84* 0.81 56 1.73* 0.82
Black 42 2.93 0.89 68 3.03 0.77 22 2.68 0.95
Other SC 38 2.11*** 0.95 53 2.40**
/
***.8845 14 2.143 .7703
White 116 2.01* 1.13 146 1.83* 0.96 56 1.71* 1.11
Black 42 2.90 1.19 68 3.01 1.03 22 2.77 0.81
Other SC 38 2.18*** 1.11 53 2.43**
/
***1.1687 14 2.00*** 1.1767
White 116 2.03* 1.02 146 2.01* 0.94 56 1.75* 0.94
Black 42 3.31 0.92 68 3.29 0.88 22 2.68 1.13
Other SC 38 2.16*** 1.03 53 2.53**
/
***.9528 14 2.36** 1.0818
White 116 3.80* 2.47 146 3.43* 2.34 56 2.66 2.18
Black 42 5.02 2.46 68 5.29 2.13 22 3.64 1.81
Other SC 38 3.74*** 2.34 53 3.89*** 2.1542 14 4.21** 2.8060
8-Week Sample
ACTMATH
TERM1 
CUM GPA
16-Week SampleControl Sample
RACE
HSCUM
ACTCOMP
ACTENG
*White and Black p < .05
**White and Other URM p < .05
***Black and Other URM p < .05
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in all variables across all three sample groups for White students over Black, higher 
means in all variables across all three samples for White students over Other 
Underrepresented Students of Color with two exceptions in the Control sample: high 
school cumulative GPA which is equal between the two groups and Term 1 cumulative 
GPA which is slightly higher (3.74 to 3.80) for the Other Students of Color over 
Whites.  When comparing means of Black students and Other Underrepresented 
Students of Color, Other Underrepresented Students of Color means were higher in 
every variable across all three sample groups with a single exception: 8-Week Term 1 
GPA, which is higher for Black students.  A summary of these observations are 
presented in Table 32.  
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Table 32 
Phase 1 Analysis Summary of T-tests Highest Means for Gender and Race 
 
 
 
The means of Term 1 cumulative GPA for male students decreases for both the 16 and 
8-Week samples from the Control, and increases for the 16 and 8-Week samples for 
female students. When observed by race, the means for Term 1 cumulative GPA 
increases for the 16 and 8-Week samples over the Control for White students, decreases 
in the 16-Week but increases in the 8-Week sample for Black students, and decreases in 
both the 16 and 8-Week samples for the Other Students of Color.  It is preliminarily 
concluded that there are positive outcomes with regards to Term 1 cumulative GPA for 
white female students regardless of model (16 or 8-Week), however greater differences 
(higher means) are observed with the 8-week model.  Additional positive benefit in 
Gender
Male/Female White/Black White/Other SC Black/Other SC
HS CUM Female White White* Other SC
ACT Comp Male White White Other SC
ACT Eng Male White White Other SC
ACT Math Male White White Other SC
Term 1 GPA Male White White** Other SC***
Other SC=Other Students of Color
Race
* The mean for the White and Other Students of Color groups are equal for the      
Control sample
**The mean for the Other Students of Color was higher than the mean of the White 
students in the Control sample
***The mean for the Black students was higher than the Other Students of Color for 
the 8-Week sample
159 
 
terms of improved Term 1 cumulative GPA is observed for Black students with the 8-
Week model.  The results of these conclusions are presented in Table 33.  
 
Table 33 
Comparison of the Mean for Term 1 Cumulative GPA 
  
  Control 16-Week 8-Week    
Male 3.21 3.8 3.35    
Female 4.48 4.04(+) 3.21(+)    
White 3.8 3.43(+) 2.66(+)    
Black 5.02 5.29 3.64(+)    
Other Students of Color 3.74 3.89 4.21    
(+) indicates an improved or higher GPA     
Note: Variable coding is such that the higher GPA the lower the mean (Example 4.0 GPA = 
0) 
 
 
Phase 2-Principle Component Analysis. Phase 2 includes an examination of 
the differences in the underlying variables between sample groups to identify predictive 
factors that in turn provide evidence for a more substantial analysis in Phase 3.  
Principle Component Analysis (PCA) is utilized in the analysis to discover patterns of 
relationships that exist between the variables in each block for each sample group 
independently.  The selection of variables to be included in the principal component 
analysis (PCA) is decided step-wise based on a hierarchical block structure of pre-
college, first term, and second term.   Using SPSS v. 22, an analysis is performed 
separately for each sample group and for each block. All possible variables are selected 
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for each initial analysis.  The correlation matrix, Kaiser-Meyer-Olkin Measure of 
Sampling Adequacy (KMO) score and Bartlett's Test of Sphericity p value, anti-image 
matrices (anti-image correlation), and communalities are observed in order.  Variables 
are considered for deselection based on evidence in the SPSS output of very low (> .3) 
or very high (< .8) correlations in the correlation matrix, KMO values of less than .600 
and Bartlett’s p values of greater than .05, anti-image correlation KMO values of less 
than .5, and communalities extraction values of less than .3.  A summary of the 
inclusion criteria is presented in Figure 2.  
 
Correlation  
Matrix (range) 
KMO and 
Bartlett’s 
Anti-Image 
Correlation 
Communalities 
(range) 
> .3 < .6 > .5 > .3 
< .8 < .05  < .8 
 
Figure 2. Principal Component Analysis Inclusion Criteria. This figure illustrates the 
values used to make inclusion decisions for the Principle component analysis.  
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Variables with high correlations (< .8) are reviewed and decisions made based on the 
following prioritization criteria to determine which variables are deleted from the 
analysis:  
1. Grades-Actual grades (Highest) , highest level, number of courses (lowest) 
2. ACT scores-Sub-scores were preferred over the composite score 
3. Lecture courses were preferred over laboratory courses 
4. Courses-Biology (highest) , Math, Chemistry, Physics (lowest) 
5. GPA’s: Term (highest), STEM, Biology (lowest) 
At each step when there is evidence to suggest that a variable should be deselected, the 
analysis is repeated without that variable and the process of review repeated from the 
beginning.  When a set of variables are determined to have good factorability the 
analysis is repeated with the inclusion of a rotation method included in the output.  For 
this study, based on the experience and the familiarity of the researcher with the 
variables and there use in the practice of academic advising in the School of Biological 
Sciences and in other STEM-related academic units at UMKC, the Promax rotation 
method is used.      
Control Sample. 
Pre-College. The principal component analysis (PCA) of the control sample pre-
college variables results in n = 161 cases.  The correlation matrix is examined for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
is  p = .000 and the KMO is .728 as presented in Table 34 indicating the data is 
favorable for factorability.  
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Table 34 
Control Sample Pre-College KMO and Barlett’s Test 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicates the solution is sound. Three factors are extracted 
with eigenvalues greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The three extracted factors collectively account for 70.079% of the total 
variance for the pre-college variables and are listed in Table 35.  
 
 
 
 
 
 
 
.728
Approx. Chi-Square 665.381
df 45
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = Control are used in the analysis phase (n=161).
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Table 35 
Control Sample Pre-College Extracted Factors 
 
 
 
Term 1. The PCA analysis of the control sample Term 1 (Year 1 Fall) variables 
results in n = 193 cases.  The correlation matrix is examined for correlations greater 
than .3 as indicated in the introduction. Bartlett's Test of Sphericity is p = .000 and the 
KMO is .606 as presented in Table 36 indicating the data is acceptable for factorability.  
Factor Loading Communality
ACT Reading Sub-score 0.893 0.761
ACT English Sub-score 0.801 0.671
ACT Science Sub-score 0.797 0.619
ACT Math Sub-score 0.795 0.681
Eigenvalue 3.718
Percent variance 37.183
High School Cumulative GPA -0.886 0.859
High School Grade for Chemistry I 0.823 0.621
High School Grade for Algebra II 0.795 0.595
High School Grade for Biology I 0.673 0.543
Eigenvalue 1.761
Percent variance/ Cumulative percent variance 17.611/54.795
Highest level Biology in High School 0.923 0.835
Semesters of High School Biology -0.897 0.823
Eigenvalue 1.528
Percent variance/ Cumulative percent variance 15.284/70.079
Pattern Matrix 
a,b
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 4 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
Item
Factor 1: ACT Sub Scores
Factor 2: GPA and STEM Course Grades
Factor 3: Biology Courses 
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Table 36 
Control Sample Term 1 KMO and Barlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Two factors are extracted 
with an eigenvalue greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The extracted factors collectively account for 79.572% of the total variance 
for the Term 1 variables in the control sample and are listed in Table 37.  
 
 
 
 
 
 
 
.606
Approx. Chi-Square 376.371
df 10
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = Control are used in the analysis phase (n=193).
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Table 37 
Control Sample Term 1 Extracted Factors 
 
 
 
Term 2. The PCA analysis of the control sample Term 2 (Year 1 Spring) 
variables results in n = 172 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
is p = .000 and the KMO is .707 as presented in Table 38 indicating the data is 
acceptable for factorability.  
 
 
 
Factor Loading Communality
Term 1 (Year 1 Fall) Cumulative GPA 0.928 0.861
Term 1 University Academic Standing 0.862 0.740
Term 1 Biology Academic Standing 0.742 0.755
Eigenvalue 2.196
Percent variance 43.925
Term 1 (Year 1 Fall) Highest Level Biology Course 0.910 0.822
Term 1 Number of Completed STEM Courses -0.895 0.800
Eigenvalue 1.782
Percent variance 35.646/79.572
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 3 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
Pattern Matrix
 a,b
Item
Factor 1: GPA and Academic Standing
Factor 2: Courses
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Table 38 
Control Sample Term 2 KMO and Bartlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Two factors are extracted 
with eigenvalues greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The two extracted factor collectively account for 65.117% of the total 
variance for the Term 2 variables and are listed in Table 39. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.707
Approx. Chi-Square 421.577
df 21
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = Control are used in the analysis phase (n=172).
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Table 39 
 
Control Sample Term 2 Extracted Factors 
 
 
 
 
Control Summary. A summary of the extracted factors from the principle 
component analysis of the Control sample Pre-college, Term 1, and Term 2 blocks are 
presented in Figure 3.  
 
 
 
 
Factor Loading Communality
 Term 2 Grade Biology 109 General Biology I Lecture 0.860 0.759
Highest Level of Biology completed in Term 2 0.846 0.645
Highest Level of Chemistry completed in Term 2 0.809 0.652
Number of STEM courses complete in Term 2 -0.566 0.389
Term 2 Biology Academic Standing 0.548 0.592
Eigenvalue 3.154
Percent variance 45.054
Factor 2: GPA and University Academic Standing
Term 2 (Year 2 Spring) Cumulative GPA 0.963 0.859
Term 2 University Academic Standing 0.782 0.663
Eigenvalue 1.404
Percent variance/Cumulative percent variance
Pattern Matrix 
a,b
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 3 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
Item
Factor 1: Courses and Biology Academic Standing
20.063/65.117
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Figure 3. Principle Component Analysis Control Sample Extracted Factors with Percent 
Variance. This figure shows the extracted factors from the principle component analysis 
with percent variance for the Control sample for each block of the analysis: Pre-College 
(Block 1), Term 1 (Year 1 Fall-Block 2), and Term 2 (Year 1 Spring-Block 2).  
 
 
16-Week Sample.  
Pre-College. The PCA analysis of the 16-week sample pre-college variables 
results in n = 237 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
is p = .000 and the KMO is .812 as presented in Table 40 indicating the data is 
favorable for factorability.  
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Table 40 
16-Week Sample Pre-College KMO and Barlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Three factors are extracted 
with eigenvalues greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The three extracted factors collectively account for 73.588% of the total 
variance for the pre-college variables and are listed in Table 41.  
 
 
 
 
 
 
 
.812
Approx. Chi-Square 1146.785
df 45
Sig. .000
a. Only cases for which Sample = 16 Week are used in the analysis phase (n=237). 
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
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Table 41 
16-Week Sample Pre-College Extracted Factors 
 
 
 
Term 1. The PCA analysis of the 16-week sample Term 1 (Year 1 Fall) variables 
results in n = 279 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
Factor Loading Communality
High School Cumulative GPA -0.914 0.876
High School Grade for Chemistry I 0.894 0.737
High School Grade for Algebra II 0.872 0.711
High School Grade for Biology I 0.722 0.588
Eigenvalue 4.234
Percent variance 42.337
ACT Reading Sub-score 0.925 0.755
ACT English Sub-score 0.855 0.753
ACT Science Sub-score 0.842 0.706
ACT Math Sub-score 0.629 0.685
Eigenvalue 1.772
Percent variance/Cumulative percent variance 17.718/60.055
Highest level Math in High School 0.898 0.773
Semesters of High School Math -0.892 0.774
Eigenvalue 1.353
Percent variance/Cumulative percent variance 13.533/73.588
a. Rotation converged in 4 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
Pattern Matrix
 a,b
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
Factor 1: GPA and STEM Course Grades
Item
Factor 3: Math Courses
Factor 2: ACT Sub Scores
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is p = .000 and the KMO is .721 as presented in Table 42 indicating the data is 
favorable for factorability.  
 
Table 42 
16-Week Sample Term 1 KMO and Barlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Two factors are extracted 
with an eigenvalue greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The extracted factors collectively account for 75.484% of the total variance 
for the Term 1 variables and are listed in Table 43.  
 
 
 
 
 
.721
Approx. Chi-Square 812.121
df 15
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = 16 Week are used in the analysis phase (n=279). 
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Table 43 
16-Week Sample Term 1 Extracted Factors  
 
 
 
Term 2. The PCA analysis of the 16-week sample Term 2 (Year 2 Spring) 
variables results in n = 254 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
is  p = .000 and the KMO is .742 as presented in Table 44 indicating the data is 
minimally acceptable for factorability.  
 
 
 
Factor Loading Communality
Term 1 (Year 1 Fall) Cumulative GPA 0.920 0.837
Term 1 University Academic Standing 0.909 0.734
Term 1 Biology Academic Standing 0.749 0.701
Eigenvalue 3.231
Percent variance 53.853
Factor 2: Courses
Highest Level of Chemistry completed in Term 1 -0.934 0.750
Number of STEM courses completed in Term 1 0.909 0.880
Number of courses completed in Term 1 0.650 0.628
Eigenvalue 1.298
Percent variance/Cumulative percent variance
a. Rotation converged in 3 iterations.
Pattern Matrix
 a,b
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
Item
Factor 1: GPA and Academic Standing
21.631/75.484
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Table 44 
16-Week Term 2 KMO and Bartlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Two factors are extracted 
with eigenvalues greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The two extracted factors collectively account for 68.579% of the total 
variance for the Term 2 variables and are listed in Table 45. 
 
 
 
 
 
 
 
.742
Approx. Chi-Square 1089.174
df 28
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = 16 Week are used in the analysis phase (n=254). 
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Table 45 
16-Week Sample Term 2 Extracted Factors 
 
 
 
16-Week Summary. A summary of the extracted factors from the principle 
component analysis of the 16-Week sample Pre-college, Term 1, and Term 2 blocks are 
presented in Figure 4.  
 
  
Factor Loading Communality
Highest Level of Biology completed in Term 2 0.97 0.857
Term 2 Grade Biology 108 General Biology I Lecture 0.868 0.619
Ratio of STEM to total courses completed in Term 2 -0.745 0.712
Highest Level of Chemistry completed in Term 2 0.527 0.763
Eigenvalue 3.954
Percent variance 49.428
Term 2 (Year 2 Spring) Cumulative GPA 0.953 0.763
Term 2 Academic Standing as a Biology Major 0.862 0.647
Term 2 Number of completed courses -0.661 0.677
Term 2 Biology Academic Standing 0.567 0.626
Eigenvalue 1.532
Percent variance/Cumulative percent variance
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 3 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
Pattern Matrix
a,b
Factor 2: GPA,  Academic Standing and Completed Courses
19.152/68.579
Item
Factor 1: Courses
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Figure 4. Principle Component Analysis 16-Week Sample Extracted Factors with 
Percent Variance. This figure shows the extracted factors from the principle component 
analysis with percent variance for the 16-Week sample for each block of the analysis: 
Pre-College (Block 1), Term 1 (Year 1 Fall-Block 2), and Term 2 (Year 1 Spring-Block 
2). 
 
 
8-Week Sample. 
Pre-College. The PCA analysis of the 8-week sample pre-college variables 
results in n = 96 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
is  p = .000 and the KMO is .839 as presented in Table 46 indicating the data is 
favorable for factorability. 
 
 
Pre-College (73.588%) Term 1 (75.484%) Term 2 (68.579%)
High School Cumulative GPA Term 1 (Year 1 Fall) Cumulative GPA Highest Level of Biology completed in Term 2
High School Grade for Chemistry I Term 1 University Academic Standing Term 2 Grade Biology 108 General Biology I Lecture
High School Grade for Algebra II Term 1 Biology Academic Standing Ratio of STEM to total courses completed in Term 2
High School Grade for Biology I Highest Level of Chemistry completed in Term 2
Factor 2: ACT Sub Scores Factor 2: Courses Factor 2: GPA,  Academic Standing and Completed Courses
ACT Reading Sub-score Highest Level of Chemistry completed in Term 1 Term 2 (Year 2 Spring) Cumulative GPA
ACT English Sub-score Number of STEM courses completed in Term 1 Term 2 Academic Standing as a Biology Major
ACT Science Sub-score Number of courses completed in Term 1 Term 2 Number of completed courses
ACT Math Sub-score Term 2 Biology Academic Standing 
Factor 3: Math Courses
Highest level Math in High School
Semesters of High School Math
Factor 1: GPA and STEM Course Grades Factor 1: GPA and Academic Standing Factor 1: Courses
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Table 46  
8-Week Sample Pre-College KMO and Bartlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Three factors are extracted 
with eigenvalues greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The three extracted factors collectively account for 74.658% of the total 
variance for the pre-college variables and are listed in Table 47.  
 
 
 
 
 
 
 
 
 
.839
Approx. Chi-Square 498.300
df 45
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = 8 Week are used in the analysis phase (n=96). 
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Table 47 
8-Week Sample Pre-College Extracted Factors 
 
 
 
Term 1. The PCA analysis of the 8-week sample Term 1 (Year 1 Fall) variables 
results in n = 108 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
Factor Loading Communality
High School Grade for Biology I .918 0.752
High School Cumulative GPA -.898 0.862
High School Grade for Chemistry I .891 0.748
High School Grade for Algebra II .699 0.702
Eigenvalue 4.597
Percent variance 45.967
ACT Reading Sub-score .929 0.76
ACT Science Sub-score .872 0.739
ACT English Sub-score .840 0.777
ACT Math Sub-score .736 0.753
Eigenvalue 1.703
Percent variance/Cumulative percent variance
Highest level Chemistry in High School .861 0.709
Highest level Math in High School .783 0.664
Eigenvalue 1.166
Percent variance/Cumulative percent variance
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 5 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
17.035/63.001
Factor 3: Chemistry and Math Courses
11.656/74.658
Item
Factor 1: GPA and STEM Course Grades
Factor 2: ACT Sub Scores
Pattern Matrix
a,b
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is  p = .000 and the KMO is .683 as presented in Table 48 indicating the data is 
favorable for factorability.  
 
Table 48 
8-Week Sample Term 1 KMO and Bartlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Two factors are extracted 
with eigenvalues greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The two extracted factors collectively account for 76.631% of the total 
variance for the Term 1 variables and are listed in Table 49.  
 
 
 
 
 
.683
Approx. Chi-Square 173.868
df 10
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = 8 Week are used in the analysis phase (n=-105).
179 
 
Table 49 
8-Week Sample Term 1 Extracted Factors 
  
 
 
Term 2. The PCA analysis of the 8-week sample Term 2 (Year 1 Spring) 
variables results in n = 90 cases.  The correlation matrix is examined and observed for 
correlations greater than .3 as indicated in the introduction. Bartlett's Test of Sphericity 
is  p = .000 and the KMO is .735 as presented in Table 50 indicating the data is 
favorable for factorability.  
 
 
 
Factor Loading Communality
Term 1 (Year 1 Fall) Cumulative GPA .898 0.815
Term 1 Biology Academic Standing .891 0.788
Term 1 University Academic Standing .829 0.686
Eigenvalue 2.457
Percent variance 49.138
Highest Level of Math completed in Term 1 -.902 0.787
Highest Level of Chemistry completed in Term 1 .838 0.755
Eigenvalue 1.375
Percent variance/Cumulative percent variance
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 3 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
27.493/76.631
Pattern Matrix
 a,b
Item
Factor 1: GPA and Academic Standing
Factor 2: Courses
180 
 
Table 50 
8-Week Sample Term 2 KMO and Bartlett’s Test 
 
 
 
The resulting analysis is favorable, supported across all examinations as appropriate for 
factorability and the residuals indicate the solution is sound. Two factors are extracted 
with an eigenvalue greater than 1.0 and the same number of factors are indicated by the 
scree plot.  The extracted factors collectively account for 66.126% of the total variance 
for the Term 2 variables and is listed in Table 51.  
 
 
 
 
 
 
 
.735
Approx. Chi-Square 266.989
df 21
Sig. .000
KMO and Bartlett's Test
a
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's 
Test of 
Sphericity
a. Only cases for which Sample = 8 Week are used in the analysis phase (n=90). 
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Table 51 
8-Week Sample Term 2 Extracted Factors 
 
 
 
8-Week Summary. A summary of the extracted factors from the principle 
component analysis of the 8-Week sample Pre-college, Term 1, and Term 2 blocks are 
presented in Figure 5.  
 
 
 
Factor Loading Communality
Term 2 (Year 2 Spring) Cumulative GPA 0.935 0.751
Highest Level of Chemistry completed in Term 2 0.866 0.715
Number of STEM courses completed in Term 2 -0.685 0.754
Term 2 University Academic Standing 0.569 0.330
Term 2 Biology Academic Standing 0.563 0.591
Number of courses completed in Term 2 -0.544 0.633
Eigenvalue 3.472
Percent variance 49.605
Highest Level of Biology completed in Term 2 0.982 0.854
Eigenvalue 1.156
Percent variance 16.520/66.126
Extraction Method: Principle Component Analysis. Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 3 iterations.
b. Only cases for which Sample = Control are used in the analysis phase.
Pattern Matrix
a,b
Factor 1: Biology
Item
Factor 1: GPA, Academic Standing and Courses
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Figure 5. Principle Component Analysis 8-Week Sample Extracted Factors with Percent 
Variance. This figure shows the extracted factors from the principle component analysis 
with percent variance for the 8-Week sample for each block of the analysis: Pre-College 
(Block 1), Term 1 (Year 1 Fall-Block 2), and Term 2 (Year 1 Spring-Block 2).  
 
 
Summary. Phase 2 includes an examination of the differences in the underlying 
variables between sample groups to identify predictive factors that in turn provide 
evidence for a more substantial analysis in Phase 3.  Upon review, similarities and 
differences within the factors begins to emerge between the three samples.  In the Pre-
College block, Factors 1 and 2 are remarkably similar across the three samples with all 
including high school cumulative GPA and all four ACT sub scores, English, reading, 
math, and science.  Interestingly, however, are the differences that emerge for the third 
factor in the Pre-College Block.  For the Control sample, performance in biology is the 
extracted factor with the highest predictive value of the STEM curriculum.  For the 16-
Pre-College (74.658%) Term 1 (76.631%) Term 2 (66.126%)
High School Grade for Biology I Term 1 (Year 1 Fall) Cumulative GPA Term 2 (Year 2 Spring) Cumulative GPA
High School Cumulative GPA Term 1 Biology Academic Standing Highest Level of Chemistry completed in Term 2
High School Grade for Chemistry I Term 1 University Academic Standing Number of STEM courses completed in Term 2
High School Grade for Algebra II Term 2 University Academic Standing
Term 2 Biology Academic Standing
Number of courses completed in Term 2
ACT Reading Sub-score Highest Level of Math completed in Term 1 Highest Level of Biology completed in Term 2
ACT Science Sub-score Highest Level of Chemistry completed in Term 1
ACT English Sub-score
ACT Math Sub-score
Highest level Chemistry in High School
Highest level Math in High School
Factor 1: GPA and STEM Course Grades
Factor 2: ACT Sub Scores
Factor 3: Chemistry and Math Courses
Factor 1: GPA and Academic Standing
Factor 2: Courses
Factor 1: GPA, Academic Standing and Courses
Factor 2: Biology
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Week sample math is the extracted factor with the highest predictive value and a 
combination of chemistry and math is extracted for the 8-Week sample. Trends in the 
Term 1 block for Factor 1 are common across all three samples with inclusion of 
cumulative GPA and academic standing having predictive value.  Differences are 
observed in Factor 2 similar to those of the Pre-College factors with the type of courses 
differing between the samples.  For the Control sample, the best predictive factor 
continues to be biology, the 16-Week sample remains chemistry, and the 8-Week 
sample a combination of chemistry and math.  The factors extracted in association with 
the Term 2 block are remarkably similar for the three samples, however, the division 
between the two factors is slightly different.  Interestingly, all three samples include 
individual variables related to the highest level of biology and chemistry completed and 
no indication of math as having predictive value at the time of the students second term.   
The results of the second phase analysis do not directly answer the questions posed by 
this study but allow the analysis to proceed with the logistic regression in Phase 3. A 
summary of the extracted factors from the principle component analysis for the Pre-
college, Term 1, and Term 2 blocks are presented for each sample for comparison in 
Figure 6. 
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Figure 6. Comparison of Extracted Factors resulting from Principle Component 
Analysis of the Control, 16-Week, and 8-Week Sample Groups.  This figure provides an 
overview comparing the extracted factors that resulted from the principle component 
analysis from the Control, 16-Week, and 8-Week sample groups.  
 
 
Control 16-Week 8-Week
Factor 1: ACT Sub Scores Factor 1: GPA and STEM Course Grades Factor 1: GPA and STEM Course Grades
ACT Reading Sub-score High School Cumulative GPA High School Grade for Biology I
ACT English Sub-score High School Grade for Chemistry I High School Cumulative GPA
ACT Science Sub-score High School Grade for Algebra II High School Grade for Chemistry I
ACT Math Sub-score High School Grade for Biology I High School Grade for Algebra II
Factor 2: ACT Sub Scores
High School Cumulative GPA ACT Reading Sub-score ACT Reading Sub-score
High School Grade for Chemistry I ACT English Sub-score ACT Science Sub-score
High School Grade for Algebra II ACT Science Sub-score ACT English Sub-score
High School Grade for Biology I ACT Math Sub-score ACT Math Sub-score
Factor 3: Math Courses
Highest level Biology in High School Highest level Math in High School Highest level Chemistry in High School
Semesters of High School Biology Semesters of High School Math Highest level Math in High School
Factor 1: GPA and Academic Standing Factor 1: GPA and Academic Standing Factor 1: GPA and Academic Standing
Term 1 (Year 1 Fall) Cumulative GPA Term 1 (Year 1 Fall) Cumulative GPA Term 1 (Year 1 Fall) Cumulative GPA
Term 1 University Academic Standing Term 1 University Academic Standing Term 1 Biology Academic Standing
Term 1 Biology Academic Standing Term 1 Biology Academic Standing Term 1 University Academic Standing
Factor 2: Courses
Term 1 (Year 1 Fall) Highest Level Biology 
Course
Highest Level of Chemistry completed in 
Term 1
Highest Level of Math completed in Term 1
Term 1 Number of Completed STEM Courses
Number of STEM courses completed in Term 
1
Highest Level of Chemistry completed in Term 1
Number of courses completed in Term 1
Factor 1: Courses and Biology Academic Standing Factor 1: Courses Factor 1: GPA, Academic Standing and Courses
Term 2 Grade Biology 109 General Biology I 
Lecture 
Highest Level of Biology completed in Term 2 Term 2 (Year 2 Spring) Cumulative GPA
Highest Level of Biology completed in Term 2
Term 2 Grade Biology 108 General Biology I 
Lecture
Highest Level of Chemistry completed in Term 2
Highest Level of Chemistry completed in 
Term 2
Ratio of STEM to total courses completed in 
Term 2
Number of STEM courses completed in Term 2
Number of STEM courses complete in Term 2
Highest Level of Chemistry completed in 
Term 2
Term 2 University Academic Standing
Term 2 Biology Academic Standing Term 2 Biology Academic Standing
Number of courses completed in Term 2
Factor 2: GPA,  Academic Standing and Courses
Term 2 (Year 2 Spring) Cumulative GPA Term 2 (Year 2 Spring) Cumulative GPA Highest Level of Biology completed in Term 2
Term 2 University Academic Standing
Term 2 Academic Standing as a Biology 
Major
Term 2 Number of completed courses
Term 2 Biology Academic Standing 
Factor 2: Biology
Term 1
Term 2
Factor 2: Courses Factor 2: Courses
Factor 2: GPA and University Academic Standing
Pre-College
Factor 2: ACT Sub Scores
Factor 3: Chemistry and Math Courses
Factor 2: GPA and STEM Course Grades
Factor 3: Biology Courses 
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Phase 3-Binary Logistic Regression. Phase 3 utilizes logistic regression to 
make determinations about the overall impact of the first year experience course on 
retention and differences in major selections between the 16-week and 8-week model. A 
binomial logistic regression (logistic regression) is used to predict the probability that a 
dichotomous dependent variable based on one or more predictor (independent) variables 
will fall into one of two categories.  For this phase a logistic regression is performed to 
determine the probability of students in the three sample groups who would be retained 
to enroll in a third term (Year 2 Fall).  In addition, the regression is used to predict 
students major when they enroll in a third term.  Major is coded two ways, once as 
biology or other Stem, and a second time as either STEM or non-STEM.  The 
regression is run three times, once for retention, and once for each major category as 
noted. Each run is performed first as a single block and then repeated as a hierarchical 
regression where each block is entered sequentially.  The results of each regression are 
presented in the following sections.  
Control Sample. Logistic regression analysis is performed on data collected 
from the Control Sample using the following predictor variables, derived from the 
principle component analysis extracted factors (independent variables): Block 1 (Pre 
College)-ACT sub scores, GPA and Stem Course Grades, Biology courses, Block 2 
(Term 1)-GPA and Academic Standing and Courses, Block 3 (Term 2)-Courses and 
Biology Academic Standing and GPA and University Academic Standing.  The 
predictor variables are presented in Table 52. The regression is performed three times, 
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each time with a separate dependent variable: Term 3 retention, major biology or other 
STEM, and major STEM or non-STEM.   
 
Table 52 
Control Sample Logistic Regression Predictor Variables 
 
 
 
Term 3 Retention. A linear logistic regression analysis is performed utilizing 
Term 3 Enrollment (Retained or Not Retained) as the dependent variable and includes a 
total of 182 cases (0 missing).  The hierarchical model significantly predicts retention 
status (omnibus chi-square = 56.428, df = 7, p < .000) and improves the percentage of 
correct predictions over a single logistic regression from 68.7% to 76.4%.   The 
hierarchical model accounts for between 26.7% and 37.5% of the variance in retention 
status, with 88.8% of the retained students and 49.1% of non-retained students 
accurately predicted.  Table 53 lists coefficients, Wald statistics, associated degrees of 
freedom and probability values for each of the predictor variables.  
Item Block Variable
Factor 1: ACT Sub Scores
Factor 2: GPA and STEM Course Grades
Factor 3: Biology Courses 
Factor 1: GPA and Academic Standing
Factor 2: Courses
Factor 1: Courses and Biology Academic Standing
Factor 2: GPA and University Academic Standing
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
Independent 
Variables
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Table 53 
Control Sample Term 3 Retention Regression Statistics 
 
 
 
An examination of the variable coefficients shows that two factors, (Block 2 
Environment Term 1) Factor 1: GPA and Academic Standing and (Block 3 
Environment Term 2) Factor 2: GPA and University Academic Standing reliably 
predict retention.  The values of the coefficients reveal that an increase in Term 1 GPA 
and academic standing are associated with an increase in the odds of retention by a 
factor of 1.859 and that each unit increase in Term 2 GPA and academic standing is 
associates with an decrease in the odds of students changing their major to a STEM 
degree other than biology by a factor of .778.  These results are presented in Table 54.  
 
 
 
Item B S.E. Wald df Sig. Exp(B)
Factor 1: ACT Sub Scores -0.053 0.074 0.515 1 0.473 0.948
Factor 2: GPA and STEM Course Grades .006 .078 .007 1 .935 1.006
Factor 3: Biology Courses -.113 .161 .497 1 .481 .893
Factor 1: GPA and Academic Standing .620 .113 30.271 1 .000 1.859
Factor 2: Courses .159 .082 3.783 1 .052 1.172
Factor 1: Courses and Biology Academic Standing -.057 .048 1.383 1 .240 .945
Factor 2: GPA and University Academic Standing -.251 .086 8.517 1 .004 .778
Constant -1.879 0.856 4.813 1 0.028 0.153
a. All variables listed were entered for the Full Model
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
Variables in the Equation
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Table 54 
Control Sample Hierarchical Regression Overall Accuracy Results for Retention 
 
 
 
Biology or STEM Major. A linear logistic regression analysis is performed 
utilizing Term 3 Major (biology or other STEM) as the dependent variable and includes 
a total of 90 cases (92 missing).  The hierarchical model predicts retention status at a 
non-significant level (omnibus chi-square = 9.462, df = 7, p < .221), however the 
agreement between the observed outcomes and the predicted outcomes (Hosmer and 
Lemeshow test = 4.807, df = 8, p = .778) indicates a good model is obtained. The 
hierarchical block model (block 2) accounts for between 10.0% and 18.3% of the 
variance in major, with 98.7% of the students retained and 8.3% non-retained as biology 
Retained Not Retained
Retained 125 0 100
Not Retained 57 0 0.0
68.7
Retained 130 6 95.6
Not Retained 53 7 11.7
69.9
Retained 119 17 87.5
Not Retained 29 31 51.7
76.5
Retained 121 15 89.0
Not Retained 28 32 53.3
78.1
a. The cut value is 0.500
END YEAR 1
Overall Percentage
Block 2
Predicted
END YEAR 1 Percentage 
Correct
Block 1 END YEAR 1
Overall Percentage
Step 0
Classification Table
a
Observed
Full                   
Model
Hierarchical 
Model
END YEAR 1
Overall Percentage
Block 3 END YEAR 1
Overall Percentage
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majors accurately predicted.  Overall 86.7% of predictions are accurate.  The 
hierarchical regression slightly decreases the percentage of correct predictions for 
biology majors and slightly increases the percentage of correct predictions for other 
STEM majors but made no overall changes in the percentage of correct predictions 
from a single regression. No improvement is observed with the addition of the Block 3 
with the hierarchical model.  Table 55 lists coefficients, Wald statistics, associated 
degrees of freedom and probability values for each of the predictor variables.  
 
Table 55 
Control Sample Term 3 Biology or Other STEM Major Regression Statistics 
 
 
 
An examination of the variable coefficients shows that only (Block 1 Input Pre-College) 
Factor 1: ACT Sub Scores reliably predicts major (biology or other STEM) for the 
Control sample.  The values of the coefficients reveal that an increase in ACT sub 
B S.E. Wald df Sig. Exp(B)
Factor 1: ACT Sub Scores -0.308 0.150 4.212 1 0.040 0.735
Factor 2: GPA and STEM Course Grades 0.000 0.143 0.000 1 0.998 1.000
Factor 3: Biology Courses 0.003 0.296 0.000 1 0.991 1.003
Factor 1: GPA and Academic Standing 0.263 0.231 1.294 1 0.255 1.301
Factor 2: Courses 0.351 0.168 4.337 1 0.037 1.420
Factor 1: Courses and Biology Academic Standing -0.160 0.148 1.181 1 0.277 0.852
Factor 2: GPA and University Academic Standing 0.028 0.238 0.014 1 0.906 1.028
Constant -0.038 1.578 0.001 1 0.981 0.963
a. All variables listed were entered for the Full Model
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
Item
Block 1                           
Input                      
Pre College
Variables in the Equation
a
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scores is associated with an increase in the odds of students retained as biology majors 
by a factor of .764. These results are presented in Table 56.  
 
Table 56 
Control Sample Hierarchical Regression Overall Accuracy Results for Major as Biology 
or Other STEM
 
 
 
STEM or non-STEM Major. A linear logistic regression analysis is performed 
utilizing Term 3 Major (STEM or non-STEM) as the dependent variable and includes a 
total of 123 cases (59 missing).  The hierarchical model significantly predicts retention 
status (omnibus chi-square = 46.867, df = 7, p < .000) and improves the percentage of 
Biology Other STEM
Biology 78 0 100.0
Other STEM 12 0 0.0
86.7
Biology 78 0 100.0
Other STEM 12 0 0.0
86.7
Biology 77 1 98.7
Other STEM 11 1 8.3
86.7
Biology 77 1 98.7
Other STEM 11 1 8.3
86.7
a. The cut value is 0.500
Classification Table
a
Predicted
END YEAR 1 Percentage 
Correct
Hierarchical 
Model
Block 1 Term 3
Overall Percentage
Block 2 Term 3
Overall Percentage
Block 3 Term 3
Overall Percentage
Observed
Full                   
Model
Step 0 Term 3
Overall Percentage
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correct predictions over a single regression from 73.2% to 84.6%. The model accounts 
for between 31.7% and 46.1% of the variance in major, with 95.6% of the students 
retained and 54.5% non-retained as STEM majors accurately predicted.  Table 57 lists 
coefficients, Wald statistics, associated degrees of freedom and probability values for 
each of the predictor variables.  
 
Table 57 
Control Sample Term 3 STEM or non-STEM Major Regression Statistics 
 
 
 
An examination of the variable coefficients shows that two factors, (Block 2 
Environment Term 1) Factor 1: GPA and Academic Standing and (Block 3 
Environment Term 2) Factor 1: Courses and Biology Academic Standing reliably 
predicts major (STEM or non-STEM) for the Control sample.  The values of the 
coefficients reveal that an increase in GPA and academic standing in students first term 
B S.E. Wald df Sig. Exp(B)
Factor 1: ACT Sub Scores -.012 .089 .019 1 .891 .988
Factor 2: GPA and STEM Course Grades .215 .122 3.080 1 .079 1.239
Factor 3: Biology Courses -.003 .231 .000 1 .989 .997
Factor 1: GPA and Academic Standing .355 .178 3.994 1 .046 1.426
Factor 2: Courses -.091 .123 .554 1 .457 .913
Factor 1: Courses and Biology Academic Standing .285 .075 14.297 1 .000 1.329
Factor 2: GPA and University Academic Standing .180 .180 .998 1 .318 1.197
Constant -5.056 1.333 14.377 1 .000 .006
a. All variables listed were entered for the Full Model
Block 3 
Environment 
Term 2
Variables in the Equation
a
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
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and courses completed and biology academic standing are associated with an increase in 
the odds of students choosing to keep their declared major in a STEM area by a factor 
of 1.426 and 1.329 respectively.  These results are presented in Table 58.  
 
Table 58 
Control Sample Hierarchical Regression Overall Accuracy Results for Major as STEM 
or non-STEM
 
 
 
16-Week Sample. Logistic regression analysis is performed on data collected 
from the 16-Week sample using the predictor variables, derived from the principle 
component analysis extracted factors (independent variables): Block 1 (Pre College)-
STEM non-STEM
STEM 90 0 100.0
non-STEM 33 0 0.0
73.2
STEM 88 2 97.8
non-STEM 31 2 6.1
73.2
STEM 84 6 93.3
non-STEM 20 13 39.4
78.9
STEM 86 4 95.6
non-STEM 15 18 54.5
84.6
a. The cut value is 0.500
Overall Percentage
Hierarchical 
Model
Block 1 Term 3
Overall Percentage
Block 2 Term 3
Overall Percentage
Block 3 Term 3
Overall Percentage
Classification Table
a
Observed
Predicted
END YEAR 1 Percentage 
Correct
Full                   
Model
Step 0 Term 3
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GPA and Stem Course Grades, ACT Sub Scores and Math Courses, Block 2 (Term 1)-
GPA and Academic Standing and Courses, and Block 3 (Term 2)-Courses and GPA, 
Academic Standing and Completed Courses.  The predictor variables are presented in 
Table 59. The regression is performed three times, each time with a separate 
dichotomous dependent variable: Term 3 retention, major as biology or other STEM, 
and major as STEM or non-STEM.  
 
Table 59 
16-Week Sample Logistic Regression Predictor Variables 
 
 
 
Term 3 Retention. A linear logistic regression analysis is performed utilizing 
Term 3 Enrollment (Retained or Not Retained) as the dependent variable and includes a 
total of 267 cases.  The hierarchical block model significantly predicts retention status 
(omnibus chi-square = 91.049, df = 7, p < .000) and improves the percentage of correct 
Item Block Variable
Factor 1: GPA and STEM Course Grades
Factor 2: ACT Sub Scores
Factor 3: Math Courses
Factor 1: GPA and Academic Standing
Factor 2: Courses
Factor 1: Courses
Factor 2: GPA,  Academic Standing and Completed Courses
Independent 
Variables
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
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predictions over a single regression from 67.8% to 76.4%.  The model accounts for 
between 28.9% and 40.4% of the variance in major, with 87.3% retained and 53.5% 
non-retained students accurately predicted. A slight decrease in the percentage of 
correct predictions is observed with the addition of Block 3 in the regression.  Table 60 
lists coefficients and the Wald statistic and associated degrees of freedom and 
probability values for each of the predictor variables from Block 2. 
 
Table 60 
16-Week Sample Term 3 Retention Regression Statistics 
 
 
 
An examination of the variable coefficients shows that only (Block 2 Environment 
Term 1) Factor 1: GPA and Academic Standing reliably predicts retention.  The values 
of the coefficients reveal that an increase in Term 1 GPA is associated with an increase 
in the odds of students being retained by the university by a factor of 1.567.  These 
results are presented in Table 61.  
B S.E. Wald df Sig. Exp(B)
Factor 1: GPA and STEM Course Grades -.082 .063 1.675 1 .196 .921
Factor 2: ACT Sub Scores -.022 .065 .118 1 .731 .978
Factor 3: Math Courses -.104 .103 1.023 1 .312 .901
Factor 1: GPA and Academic Standing .427 .089 22.883 1 .000 1.532
Factor 2: Courses -.131 .084 2.458 1 .117 .877
Factor 1: Courses -.104 .044 5.546 1 .019 .901
Factor 2: GPA,  Academic Standing and Completed Courses .123 .074 2.754 1 .097 1.131
Constant -1.606 .927 3.002 1 .083 .201
a. All variables listed were entered for the Full Model
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
Variables in the Equation
a
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Table 61 
16-Week Sample Hierarchical Regression Overall Accuracy Results for Retention 
 
 
 
Biology or STEM Major. A linear logistic regression analysis is performed 
utilizing Term 3 Major (Biology or Other STEM) as the dependent variable and 
includes a total of 138 cases (129 missing).  The hierarchical block regression fails to 
provide improved accuracy in the percentage of correct predictions over a single 
regression.  The single regression predicts major status at a non-significant level 
(omnibus chi-square = 5.710, df = 7, p < .574), however the agreement between the 
observed outcomes and the predicted outcomes (Hosmer and Lemeshow test = 3.914, df 
= 8, p = .865) indicates a good model is obtained. The model accounts for between 
Retained Not Retained
Retained 181 0 100.0
Not Retained 86 0 0.0
67.8
Retained 163 18 90.1
Not Retained 58 28 32.6
71.5
Retained 158 23 87.3
Not Retained 40 46 53.5
76.4
Retained 156 25 86.2
Not Retained 40 46 53.5
75.7
a. The cut value is 0.500
Full                   
Model
Step 0 END YEAR 1
Overall Percentage
Hierarchical 
Model
Block 1 END YEAR 1
Overall Percentage
Block 2 END YEAR 1
Overall Percentage
Block 3 END YEAR 1
Overall Percentage
Classification Table
a
Observed
Predicted
END YEAR 1 Percentage 
Correct
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4.1% and 6.8% of the variance in major, and accurately predicts 100% of students 
retained and 0% of students non-retained as STEM majors. Overall 83.4% of 
predictions are accurate.  Table 62 lists coefficients, Wald statistic and associated 
degrees of freedom and probability values for each of the predictor variables. 
 
Table 62 
16-Week Sample Term 3 Biology or Other STEM Major Regression Statistics 
 
 
 
There is no single factor that predicts retention at a significant level for the 16-Week 
sample.  (Block 1 Input Pre-College) Factor 3: Math Courses come closest to having a 
level of significance.  The values of the coefficients reveal that an increase in the 
number of math courses prior to college is associated with an increase in the odds of 
choosing to remain biology majors by a factor of .806.  These results are presented in 
Table 63.  
 
B S.E. Wald df Sig. Exp(B)
Factor 1: GPA and STEM Course Grades .062 .104 .350 1 .554 1.063
Factor 2: ACT Sub Scores -.052 .099 .272 1 .602 .950
Factor 3: Math Courses -.215 .154 1.953 1 .162 .806
Factor 1: GPA and Academic Standing -.018 .196 .009 1 .926 .982
Factor 2: Courses .167 .151 1.224 1 .269 1.182
Factor 1: Courses -.007 .080 .007 1 .931 .993
Factor 2: GPA,  Academic Standing and Completed Courses .145 .146 .990 1 .320 1.156
Constant -3.083 1.607 3.679 1 .055 .046
a. All variables listed were entered for the Full Model
Block 3 
Environment 
Term 2
Variables in the Equation
a
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
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Table 63 
16-Week Sample Hierarchical Regression Overall Accuracy Results for Major as 
Biology or Other STEM 
 
 
 
STEM or non-STEM Major. A linear logistic regression analysis is performed 
utilizing Term 3 major (STEM or non-STEM) as the dependent variable and include a 
total of 181 cases (86 missing).  The hierarchical model significantly predicts retention 
status (omnibus chi-square = 51.898, df = 7, p < .000) and improves the percentage of 
correct predictions over a single regression from 76.2% to 83.4%. The model accounts 
for between 24.9% and 37.4% of the variance in major, with 94.9% of the students 
retained and 46.5% non-retained as STEM majors accurately predicted.  Table 64 lists 
Biology Other STEM
Biology 115 0 100.0
Other STEM 23 0 0.0
83.3
Biology 115 0 100.0
Other STEM 23 0 0.0
83.3
Biology 115 0 100.0
Other STEM 23 0 0.0
83.3
Biology 115 0 100.0
Other STEM 23 0 0.0
83.3
a. The cut value is 0.500
Full                   
Model
Step 0 Term 3
Overall Percentage
Hierarchical 
Model
Block 1 Term 3
Overall Percentage
Block 2 Term 3
Overall Percentage
Block 3 Term 3
Overall Percentage
Classification Table
a
Observed
Predicted
END YEAR 1 Percentage 
Correct
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coefficients, Wald statistics, associated degrees of freedom and probability values for 
each of the predictor variables. 
 
Table 64 
16-Week Sample Term 3 STEM or non-STEM Major Regression Statistics 
 
 
 
An examination of the variable coefficients shows that two factors, (Block 2 
Environment Term 1) Factor 1: GPA and Academic Standing and (Block 3 
Environment Term 2) Factor 1: Courses reliably predicts major status.  The values of 
the coefficients reveal that an increase in Term 1 GPA is associated with an increase in 
the odds of students choosing to remain in a STEM major by a factor of 1.654 and that 
each unit increase in Term 2 Courses is associated with an decrease in the odds of 
students changing their major to a non-STEM major by a factor of 1.181.  These results 
are presented in Table 65.  
 
B S.E. Wald df Sig. Exp(B)
Factor 1: GPA and STEM Course Grades -.121 .085 2.004 1 .157 .886
Factor 2: ACT Sub Scores -.014 .085 .027 1 .869 .986
Factor 3: Math Courses .085 .144 .350 1 .554 1.089
Factor 1: GPA and Academic Standing .503 .159 10.000 1 .002 1.654
Factor 2: Courses -.041 .113 .131 1 .717 .960
Factor 1: Courses .166 .061 7.290 1 .007 1.181
Factor 2: GPA,  Academic Standing and Completed Courses -.227 .136 2.758 1 .097 .797
Constant -2.765 1.264 4.785 1 .029 .063
a. All variables listed were entered for the Full Model
Block 3 
Environment 
Term 2
Variables in the Equation
a
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
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Table 65 
16-Week Sample Hierarchical Regression Overall Accuracy Results for Major as 
STEM or non-STEM 
 
 
 
8-Week Sample. Logistic regression analysis is performed from data collected 
from the 8-Week sample using the following predictor variables, derived from the 
principle component analysis extracted factors (independent variables): Block 1 (Pre 
College)- GPA and Stem Course Grades, ACT Sub Scores, and Chemistry and Math 
Courses, Block 2 (Term 1)-GPA and Academic Standing and Courses, and Block 3 
(Term 2)-Courses and GPA,  Academic Standing and Courses and Biology.  The 
independent variables are presented in Table 66. The regression is performed three 
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times, each time with a separate dichotomous dependent variable: Term 3 retention, as 
major Biology or Other STEM, and major as STEM or non-STEM.  
 
Table 66 
8-Week Sample Logistic Regression Predictor Variables 
 
 
 
Term 3 Retention. A linear logistic regression analysis is performed utilizing 
Term 3 Enrollment as the dependent variable and includes a total of 92 cases.  The 
hierarchical model significantly predicts retention status (omnibus chi-square = 40.930, 
df = 7, p < .000) and improves the percentage of correct predictions over a single 
logistic regression from 77.2% to 91.3%.   The hierarchical model accounts for between 
35.9% and 54.5% of the variance in retention status, with 98.6% of the retained students 
and 66.7% of non-retained students accurately predicted.  Table 67 lists coefficients, 
Item Block Variable
Factor 1: GPA and STEM Course Grades
Factor 2: ACT Sub Scores
Factor 3: Chemistry and Math Courses
Factor 1: GPA and Academic Standing
Factor 2: Courses
Factor 1: GPA, Academic Standing and Courses
Factor 2: Biology
Independent 
Variables
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
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Wald statistics, associated degrees of freedom and probability values for each of the 
predictor variables. 
 
Table 67 
 8-Week Sample Term 3 Retention Regression Statistics
 
 
 
An examination of the variable coefficients for the 8-Week sample shows that only 
(Block 2 Environment Term 1) Factor 1: GPA and Academic Standing reliably predicts 
retention.  The values of the coefficients reveal that an increase in Term 1 GPA is 
associated with an increase in the odds of retention by a factor of 2.256.  These results 
are presented in Table 68.  
 
 
 
B S.E. Wald df Sig. Exp(B)
Factor 1: GPA and STEM Course Grades .069 .186 .138 1 .710 1.072
Factor 2: ACT Sub Scores .040 .139 .081 1 .776 1.040
Factor 3: Chemistry and Math Courses .785 .412 3.629 1 .057 2.193
Factor 1: GPA and Academic Standing .800 .208 14.827 1 .000 2.226
Factor 2: Courses -.067 .207 .104 1 .747 .935
Factor 1: GPA, Academic Standing and Courses -.102 .088 1.365 1 .243 .903
Factor 2: Biology .063 .137 .211 1 .646 1.065
Constant -6.554 2.464 7.076 1 .008 .001
a. All variables listed were entered for the Full Model
Variables in the Equation
a
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
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Table 68 
8-Week Sample Hierarchical Regression Overall Accuracy Results for Retention 
 
 
 
Biology or Other STEM Major. A linear logistic regression analysis is 
performed utilizing Term 3 Major (Biology or Other STEM) as the dependent variable 
and includes a total of 54 cases (38 cases).  The hierarchical model predicts major status 
at a non-significant level (omnibus chi-square = 7.593, df = 7, p < .370), however the 
agreement between the observed outcomes and the predicted outcomes (Hosmer and 
Lemeshow test = 3.580, df = 8, p = .893) indicates a good model is obtained. The 
hierarchical model accounts for between 13.1% and 22.1% of the variance in retention 
status, with 97.8% of the retained students and 22.2% of non-retained students 
Retained Not Retained
Retained 71 0 100.0
Not Retained 21 0 0.0
77.2
Retained 67 4 94.4
Not Retained 17 4 19.0
77.2
Retained 68 3 95.8
Not Retained 7 14 66.7
89.1
Retained 70 1 98.6
Not Retained 7 14 66.7
91.3
a. The cut value is 0.500
Hierarchical 
Model
Block 1 END YEAR 1
Overall Percentage
Block 2 END YEAR 1
Overall Percentage
Block 3 END YEAR 1
Overall Percentage
Classification Table
a
Observed
Predicted
END YEAR 1 Percentage 
Correct
Full                   
Model
Step 0 END YEAR 1
Overall Percentage
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accurately predicted. The hierarchical model improves the overall percentage of correct 
predictions from the single regression from 83.3% to 85.2%.  Table 69 lists coefficients, 
Wald statistics, associated degrees of freedom and probability values for each of the 
predictor variables. 
 
Table 69 
8-Week Sample Term 3 Biology or Other STEM Major Regression Statistics 
 
 
 
An examination of the 8-Week sample variable coefficients shows that no single factor 
reliable predicts major (biology or other STEM) for retained students.  Two factors that 
come close are (Block 3 Environment Term 2) Factor 1: GPA, Academic Standing and 
Course and (Block 3 Environment Term 2) Factor 2: Biology courses.  The values of 
the coefficients reveal that an increase in Term 2 GPA and Courses is associated with a 
decrease in the odds of students changing their major from biology to another STEM 
major and that an increase in the number of biology courses completed increases the 
B S.E. Wald df Sig. Exp(B)
Factor 1: GPA and STEM Course Grades .001 .269 .000 1 .996 1.001
Factor 2: ACT Sub Scores -.162 .169 .918 1 .338 .851
Factor 3: Chemistry and Math Courses .268 .349 .589 1 .443 1.307
Factor 1: GPA and Academic Standing .312 .334 .875 1 .350 1.366
Factor 2: Courses -.047 .219 .045 1 .832 .954
Factor 1: GPA, Academic Standing and Courses -.270 .179 2.289 1 .130 .763
Factor 2: Biology .254 .167 2.302 1 .129 1.289
Constant -1.636 2.369 .477 1 .490 .195
a. All variables listed were entered for the Full Model
Variables in the Equation
a
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
Block 3 
Environment 
Term 2
204 
 
odd of a student remaining as a biology major by a factor of .763 and 1.289 
respectively.  These results are presented in Table 70.  
 
Table 70 
8-Week Sample Hierarchical Regression Overall Accuracy Results for Major as 
Biology or Other STEM 
 
 
 
STEM or non-STEM Major. A linear logistic regression analysis is performed 
utilizing Term 3 major (STEM or non-STEM) as the dependent variable and includes a 
total of 71 cases (21 missing).  The hierarchical model predicts major status at a non-
significant level (omnibus chi-square = 13.859, df = 7, p < .054), however the 
Biology Other STEM
Biology 45 0 100.0
Other STEM 9 0 0.0
83.3
Biology 45 0 100.0
Other STEM 9 0 0.0
83.3
Biology 45 0 100.0
Other STEM 9 0 0.0
83.3
Biology 44 1 97.8
Other STEM 7 2 22.2
85.2
a. The cut value is 0.500
Overall Percentage
Hierarchical 
Model
Block 1 Term 3
Overall Percentage
Block 2 Term 3
Overall Percentage
Block 3 Term 3
Overall Percentage
Classification Table
a
Observed
Predicted
END YEAR 1 Percentage 
Correct
Full                   
Model
Step 0 Term 3
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agreement between the observed outcomes and the predicted outcomes (Hosmer and 
Lemeshow test = 4.100, df = 8, p = .848) indicates a good model is obtained. The 
hierarchical model accounts for between 17.7% and 26.6% of the variance in retention 
status, with 92.6% of the retained students and 41.2% of non-retained students 
accurately predicted. The hierarchical model improves the overall percentage of correct 
predictions from the single regression from 76.1% to 80.3%.  Table 71 lists coefficients, 
Wald statistics, associated degrees of freedom and probability values for each of the 
predictor variables. 
 
Table 71 
8-Week Sample Term 3 STEM or non-STEM Major Regression Statistics 
 
 
 
An examination of the variable coefficients for the 8-week sample shows that only 
(Block 3 Environment Term 2) Factor 1: GPA, Academic Standing and Course reliably 
B S.E. Wald df Sig. Exp(B)
Factor 1: GPA and STEM Course Grades .095 .209 .205 1 .651 1.099
Factor 2: ACT Sub Scores .081 .112 .523 1 .469 1.084
Factor 3: Chemistry and Math Courses .294 .296 .987 1 .320 1.342
Factor 1: GPA and Academic Standing -.040 .233 .030 1 .863 .960
Factor 2: Courses -.203 .221 .847 1 .357 .816
Factor 1: GPA, Academic Standing and Courses .243 .094 6.627 1 .010 1.275
Factor 2: Biology .075 .130 .332 1 .564 1.078
Constant -5.112 2.258 5.124 1 .024 .006
a. All variables listed were entered for the Full Model
Block 3 
Environment 
Term 2
Variables in the Equation
a
Item
Block 1                           
Input                      
Pre College
Block 2 
Environment 
Term 1
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predicts major.  The values of the coefficients reveal that an increase in Term 2 GPA 
and Courses is associated with an increase in the odds of students continuing to pursue a 
STEM major by a factor of 1.275.  These results are presented in Table 72.  
 
Table 72 
8-Week Sample Hierarchical Regression Overall Accuracy Results for Major as STEM 
or non-STEM  
 
 
 
Logistic Regression Summary. Phase 3 utilizes logistic regression to make 
determinations about the overall impact of the first year experience course on retention 
and differences in major selections between the 16-week and 8-week model. For this 
STEM non-STEM
STEM 54 0 100.0
non-STEM 17 0 0.0
76.1
STEM 53 1 98.1
non-STEM 15 2 11.8
77.5
STEM 54 0 100.0
non-STEM 15 2 11.8
78.9
STEM 50 4 92.6
non-STEM 10 7 41.2
80.3
a. The cut value is 0.500
Full                   
Model
Step 0 Term 3
Overall Percentage
Hierarchical 
Model
Block 1 Term 3
Overall Percentage
Block 2 Term 3
Overall Percentage
Block 3 Term 3
Overall Percentage
Classification Table
a
Observed
Predicted
END YEAR 1 Percentage 
Correct
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phase a logistic regression is performed to determine the probability of students in the 
three sample groups who would be retained to enroll in a third term (Year 2 Fall) and 
predict students major (biology, STEM, or non-STEM) when they enrolled in a third 
term.  Observations of the actual data show clear trends and allow the specific research 
questions to be addressed. The two research questions addressed by the study are:  
1. What impact has Biology 115: First Year Seminar had on first-time college 
freshman enrolled full-time as declared science, technology, engineering, 
and mathematics (STEM) majors in the School of Biological Sciences at the 
University of Missouri-Kansas City?  
2. How has an alternative eight-week (half-semester) model of Biology 115: 
First Year Seminar influenced students’ academic performance and retention 
in the School of Biological Sciences at the University of Missouri-Kansas 
City?   
The impact of the Biology 115: First Year Seminar on retention ranges from 67.8% for 
the 16-Week sample to 77.2% in the 8-Week sample.  This was a decrease with the 16-
Week model of .9 percent and an increase of 8.5 percent with the 8-Week model from 
the Control.  In terms of major, 86.7% of students in the Control sample are retained in 
Term 3 as a biology major.  Students in the 16 and 8-Week samples are retained as 
biology majors equally at 83.3%, a 3.3 percent decrease from the Control.  Interestingly, 
both the 16 and 8-Week models show higher retention for STEM majors, 76.2 and 
76.1% respectively, a nearly three percent increase over the Control (73.2%).  
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Conclusion 
This chapter reviews analysis of the data for the study in three phases. Phase 1 
includes analysis of the descriptive statistics, frequency tables and t-tests, and allows for 
observations of the impact at a superficial level based on Term 1 cumulative GPA.  
Term 1 cumulative GPA shows improvement for white female students regardless of 
model (16 or 8-Week), however greater differences (higher means) are observed with 
the 8-week model.  Additional positive benefit in terms of improved Term 1 cumulative 
GPA is observed for Black students with the 8-Week model.  The results from Phase 1 
are indicative of the Biology 115: First Year Experience Course having a positive 
impact over the Control (no enrollment in Biology 115).  
Phase 2 includes an examination of the differences in the underlying variables 
between sample groups to identify predictive factors that, in turn, provide evidence for a 
more substantial analysis in Phase 3.  Phase 3 utilizes binary logistic regression to make 
determinations about the overall impact of the first year experience course on retention 
and differences in major selections between the 16-week and 8-week model. A 
preliminary review of the data indicates that retention remains relatively stable, less 
than one percent change, over the Control with the 16-Week model but shows more 
than an 8 percent increase with the 8-Week model. In terms of retention by major, the 
16 and 8-Week models are slightly less effective (a decrease of 3.3 percent) than the 
Control in retaining students as biology majors but improves retention in STEM majors 
by three percent.  The preliminary conclusions are that the 16-Week model shows 
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improvement over the control in terms of improved Term 1 cumulative GPA for white 
students and for female students, and improved retention of students as STEM majors 
over the Control. The 8-Week model shows a higher level of improvement over the 16-
Week model improvement in terms of improved Term 1 cumulative GPA for white and 
black students and for female students.  In terms of retention, overall retention to Term 
3 is improved over the Control by more than 8 percent and improved retention of 
students as STEM majors is equal to that of the 16-Week model.  Both the 16 and 8-
Week models fail to retain students as biology majors at a level that improves upon the 
Control.  
 The Phase 3 analysis concludes with an in-depth examination of the probability 
of students being retained separately to Term 3, as a biology major, and as a STEM 
major.  The factors used for the logistic regression were developed independently from 
each of the three sample groups.  As such, a direct comparison of the factors is difficult 
and limited to factors that are consistent across the three samples.  The only factors that 
are consistent across the three samples was for (Block 2 Environment Term 1) Term 1 
GPA and Academic Standing.  The results from the regression shows that for the three 
sample groups, with each unit increase in Term 1 GPA, there is an increase in the 
probability of being retained by 1.859 for the Control sample, 1.567 for the 16-Week 
sample and 2.256 for the 8-Week sample.  The improvement in retention of the 8-Week 
sample over the control is an increase of 82% and is strong evidence to support the 
conclusion that Biology 115: First Year Experience has positive impacts on retention 
and that the 8-Week model shows more positive results than the 16-Week model.  
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CHAPTER 5 
DISCUSSION 
 
 The four sections of this chapter provide a summary of the research study, 
conclusions, limitations of the study, and suggestions for future research.  The summary 
provides a review of the purpose of the research, followed by discussion of the major 
findings of the data analysis and the limitations of the study. The chapter concludes 
with suggestions for future research studies. 
Summary 
 National policy and initiatives have made science, technology, engineering, and 
mathematics (STEM) education a priority in the United States (Stem Education 
Coalition, 2012, White House, 2010, NIH, 2009).  President Barack Obama, STEM 
Corporate leaders, and Presidents from over 75 major public universities have pledged 
their allegiance to addressing the shortage of an adequately trained STEM workforce 
that is adequately representative of the population. The School of Biological Sciences 
(SBS) has recognized the need to directly and aggressively address students’ needs, 
especially the needs related to first semester transitions, preparedness for college level 
participation and requirements, and students facing academic difficulty. Beginning fall 
semester 2009, SBS offered, for the first time, Biology 115: First Year Seminar, a first 
year experience course for new freshman biology majors.  This study sought to examine 
the impact of the Biology 115 course from two perspectives; (1) student retention 
overall, especially across the year 1 to year 2 gap, and (2) on retention by major. The 
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study participants were students admitted to UMKC as first time college freshman with 
declared majors in biology in fall terms for the years 2005 to 2012 (2008 was excluded).  
A total of 596 students were included in this study, including 183 males, 413 females, 
504 Missouri residents.  The racial composition of the study participants was 318 
White, 132 Black, and 91 students who were necessarily classified as Other 
Underrepresented Students of Color to preserve the anonymity of the students.  The 
Other Underrepresented Students of Color category included students who listed their 
racial identification as Hispanic/Latino and Asian Underrepresented.  The selection 
criteria for study participants and a list of data variables were provided to the Office of 
Institutional Research.  A list of possible study participants, their data and outcomes 
were collected and delivered by the UMKC Data Warehouse to the Office of 
Institutional Research and investigator.  The information was reviewed and a final list 
of participants and data variables was selected for examination. 
 Extensive analysis was undertaken to determine the impact of enrollment in the 
Biology 115: First Year Seminar, a first year experience course at the University of 
Missouri-Kansas City (UMKC) on the retention of students enrolled as STEM majors 
(biology) in the School of Biological Sciences. In addition to the overall impact, two 
different class models, a 16-week and 8-week session, were further analyzed to 
determine if there was a differential impact on retention between students in these two 
samples based on mode of instruction.   A multiphase analysis was utilized. Phase 1 
included analysis of the descriptive statistics, frequency tables and t-tests, and allowed 
for observation of the impact at a superficial level based on Term 1 cumulative GPA.  
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Phase 2 included an examination of the differences in the underlying variables between 
sample groups to identify predictive factors that in turn provides evidence for a more 
substantial analysis in Phase 3.  Lastly, Phase 3 utilized binary logistic regression to 
make determinations about the overall impact of the first year experience course on 
retention and differences in major selections between the 16-week and 8-week model. 
Conclusions.  
The two research questions addressed by the study are:  
1. What impact has Biology 115: First Year Seminar had on first-time college 
freshman enrolled full-time as declared science, technology, engineering, 
and mathematics (STEM) majors in the School of Biological Sciences at the 
University of Missouri-Kansas City?  
2. How has an alternative eight-week (half-semester) model of Biology 115: 
First Year Seminar influenced students’ academic performance and retention 
in the School of Biological Sciences at the University of Missouri-Kansas 
City?   
Research question 1.  
Phase 1. Using a multiphase examination, Phase 1 included analysis of the 
descriptive statistics, frequency tables and t-tests to allow for observation of the impact 
of the Biology 115 First Year Experience Course at a superficial level based on Term 1 
cumulative GPA with knowledge of students’ incoming academic statistics (high school 
GPA, ACT composite, ACT English and math sub scores).   The means of Term 1 
cumulative GPA for male students decreased for both the 16 and 8-Week samples from 
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the Control, and increased for the 16 and 8-Week samples for female students. When 
observed by race, the means for Term 1 cumulative GPA increased for the 16 and 8-
Week samples over the Control for White students, decreased in the 16-Week but 
increased in the 8-Week sample for Black students, and decreased in both the 16 and 8-
Week samples for the Other Students of Color.  It was concluded from the Phase 1 
analysis that there were positive outcomes with regards to Term 1 cumulative GPA for 
white female students regardless of model (16 or 8-Week), however greater differences 
(higher means) were observed with the 8-week model.  Additional positive benefit in 
terms of improved Term 1 cumulative GPA was observed for Black students with the 8-
Week model.  The results from Phase 1 are indicative of the Biology 115: First Year 
Experience Course having a positive impact over the Control (no enrollment in Biology 
115). 
Phase 2. In Phase 2 Principle Component Analysis (PCA) was utilized to 
discover patterns of relationships that exist between the variables in each block for each 
sample group independently. Trends in the Term 1 block for Factor 1 were common 
across all three samples with cumulative GPA and academic standing resulting with 
predictive value.  Differences were observed in the Term 1 Block for Factor 2 with the 
type of courses differing between the samples.  For the Control sample predictive value 
was associated with biology coursework, for the 16-Week sample as chemistry 
coursework, and for the 8-Week sample a combination of chemistry and math.  The 
factors extracted in association with the Term 2 block were remarkably similar for the 
three samples however the division of variables between the two factors was slightly 
214 
 
different.  Interestingly, all three samples included individual variables related to the 
highest level of biology and chemistry completed and no indication of math as having 
predictive value at the time of the students second term.  The resulting analysis 
indicated that retention remained relatively stable, less than one percent change, over 
the Control with the 16-Week model but showed more than an 8 percent increase with 
the 8-Week model. In terms of retention by major, the 16 and 8-Week models were 
slightly less effective (a decrease of 3.3 percent) than the Control in retaining students 
as biology majors, but improved retention in STEM majors by three percent.  It was 
concluded that the 16-Week model showed improvement over the control in terms of 
improved Term 1 cumulative GPA for white students and for female students, and 
improved retention of students as STEM majors over the Control. The 8-Week model 
showed a higher level of improvement over the 16-Week model improvement in terms 
of improved Term 1 cumulative GPA for white and black students and for female 
students.  In terms of retention, overall retention to Term 3 was improved over the 
Control by more than 8 percent and improved retention of students as STEM majors at a 
level equal to that of the 16-Week model.  Both the 16 and 8-Week models failed to 
retain students as biology majors at a level that improved upon the Control.  The results 
from Phase 2 are indicative of the Biology 115: First Year Experience Course having a 
positive impact over the Control (no enrollment in Biology 115). 
Phase 3. Phase 3 utilized logistic regression to make determinations about the 
overall impact of the first year experience course on retention and differences in major 
selections between the 16-week and 8-week model. For this phase a binary logistic 
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regression was performed to determine the probability of students in the three sample 
groups who would be retained to enroll in a third term (Year 2 Fall) and predict students 
major (biology, STEM, or non-STEM) when they enrolled in a third term.  The impact 
of the Biology 115: First Year Seminar on retention ranged from 67.8% for the 16-
Week sample to 77.2% in the 8-Week sample.  This was a decrease with the 16-Week 
model of .9 percent and an increase of 8.5 percent with the 8-Week model from the 
Control.  In terms of major, 86.7% of students in the Control sample were retained in 
Term 3 as a biology major.  The 16 and 8-Week samples retained students as biology 
majors equally at 83.3% which is a 3.3 percent decrease from the Control.  
Interestingly, both the 16 and 8-Week models showed higher retention for STEM 
majors, 76.2 and 76.1% respectively, an estimated three percent increase over the 
Control (73.2%). The results from the regression showed that for the three sample 
groups, with each unit increase in Term 1 GPA there was an increase in the odds of 
being retained by 1.859 for the Control sample, 1.567 for the 16-Week sample and 
2.256 for the 8-Week sample.  The improvement in retention of the 8-Week sample 
over the control is an increase of 82% and is strong evidence to further support the 
conclusion that Biology 115: First Year Experience has had positive impacts on 
retention and that the 8-Week model was associated with more positive results than the 
16-Week model.  
The conceptual framework supporting the research questions in this study are 
that there are data supported in the literature as being predictive of student retention in 
higher education (Horst, 1959; Tinto, 1987; Evans, Forney, and Guido-DiBrito, 1998; 
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Martinez, 2001; Kester, Linto, & Sullivan, 2002; Pritchard and Wilson, 2003; Pascarella 
and Terenzini, 2005; Gupta, Harris, Carrier, and Caron, 2006; and Gordon, Habley, and 
Grites, 2008). The factors associated as being predictive are varied and have been 
studied and analyzed in multiple contexts including two and four year institutions and 
within and between various student populations (most commonly White, African 
American or Black, Asian, Hispanic and/or Latino, and Native American). Student data 
is commonly separated according to Tinto’s work into categories leading to social or 
academic integration within the college or university. A representation of such factors 
having a high correlation to student’s persistence as concluded by Tinto and expansions 
of Tinto’s work (Astin 1975, Bean 1980, Stoecker, Pascarella, and Wolfe, 1988,  
Williamson and Creamer 1988) was presented in Chapter 2. The results of this study are 
consistent with previous research. After careful review of the findings and consideration 
within the context of the course within the School of Biological Science and UMKC, it 
is reasonable to conclude that the relationships that are developed with peers, faculty, 
and the university as part of the Biology 115: First Year Seminar, the role of the Student 
Services Coordinator as the first substantial academic relationship the students build 
with the university, and the opportunities for socialization and integration into their new 
academic life are supporting improvements in Term 1 grade point averages and Year 1 
to Year 2 retention, especially for female and Black students.    
One possible explanation for the increase in grade point average and academic 
standing is the purposeful timing of student’s enrollment in Biology 115.  The School of 
Biological Sciences recognized the need to directly and aggressively address student’s 
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needs, especially the needs related to first semester transitions, preparedness for college 
level participation and requirements, and students facing academic difficulty. In spring 
semester 2008, the School piloted an intrusive advising program titled Steps for 
Success. An expansion of this program was used with students on probation during the 
subsequent semester (fall 2008). Beginning fall semester 2009, the School offered, for 
the first time, Biology 115: First Year Seminar, a first year experience course for new 
freshman biology majors. 
In addition to the timing of Biology 115 another possible explanation for the 
increase in grade point average is the curriculum covered in the course. The Biology 
115 courses was developed on the basis of information students need to know to be 
successful in college.  The course covers campus resources, study skills including note 
taking, reading skills, test taking strategies, and time management as key components.  
In addition, the different degree programs in SBS and their requirements are explored 
and student spend time assessing their values, skills, and abilities are association with 
assignments allowing them to explore career options.  Students who are better prepared 
to manage their time, who are aware of available support services, and have some 
understanding of career options are likely to achieve a higher level of success than those 
who lack this knowledge. The increase in retention could also be explained by the 
learning objectives for the Bio 115 course that address common transition issues 
experienced by first time college freshmen.   
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The learning objectives include:  
1. Develop encouraging and supportive relationships with your student colleagues, 
instructors, and other UMKC faculty and staff.  
2. Develop an awareness of your academic skills, motivation, and self-discipline.  
3. Demonstrate effective communication skills in-person, by email, and in 
discussions and presentations.   
4. Learn about student support resources at UMKC, including Success Seminars, 
Supplemental Instruction, Math and Science Tutoring, Career Services, and 
Academic Advising, that are available to assist you.  
5. Develop a Plan of Study to demonstrate how you will satisfy the requirements 
for the major of your choosing. 
Ensuring that students are introduced to material that helps them to transition from high 
school to the university is recognized from previous studies as essential. In addition to 
the curriculum, students are exposed to a socialization process.  The number one 
learning objective of the Biology 115 course is to develop supportive encouraging 
relationships with peers, faculty, and the university. In addition to regular engagement 
in small group activities and discussions in the class, students are exposed to the 
campus through actual visits with the support service offices being discussed.  These 
interactions with the campus and student colleagues allows them to become integrated 
into the university and their new social environment more quickly as a result of their 
enrollment in the Bio 115 class than they would on their own.  
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Research Question 2. The differential influence of two models, 16-Week and 8-
Week, was examined concurrently with the first research question using the multiphase 
analysis described previously.  The regression analysis was performed separately for 
Term 3 for overall retention, retention as a biology major, and retention as a STEM 
major. The results indicated that for retention overall the 8-Week model (77.2%) 
improved Year 1 to 2 retention as demonstrated by enrollment in a third Term (Year 2 
Fall) by nearly 10% over the Control (68.7%)  and the 16-Week model (67.8%). 
Retention as a biology major was decreased for both models from 86.7% for the Control 
to 83.3% in the 16-Week Model and 76.1% in the 8-Week model. Retention as a STEM 
major however was increased in both the 16 and 8-Week models over the Control 
(Control-73.2%; 16-Week-76.2%, 8-Week- 83.3%). The research hypothesis that the 
alternative eight-week course model of Biology115: First Year Seminar has positively 
influenced students’ academic performance and retention in the School of Biological 
Sciences as demonstrated by higher grade point averages and higher rates of first to 
second year retention was supported for overall retention and retention as a STEM 
major, but failed to be supported for retention of students specifically as biology majors.   
One possible explanation for the increase in the 8-Week model for retention 
overall may be related to development of the course.  The Biology 115: First Year 
Seminar course was an outcome of the development of a course-like regimen that was 
prescribed for students placed on academic probation in the School of Biological 
Sciences. As with implementation of anything new; policy, procedure, or course, 
adjustments are almost always needed.  Instructor experience, knowledge of the 
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material, observation of the class, and student evaluations all contribute to a continuum 
of reflection and adjustment to improve outcomes over time. The 16-week model of Bio 
115 was implemented and taught in this format for three years.  The 16-Week model 
began with two separate instructors for the first two offerings.  The third offering was 
with a single instructor, the one responsible for development and with the greatest 
knowledge of the probation issues that the class was designed to thwart. When the class 
was redesigned to an 8-Week model, the same single instructor persisted as the course 
instructor.  With three years of experience, an understanding of the learning objectives 
that were most important for student success, and the ever present demand to do more 
with less, the course, although being taught under the new 8-Week model, was perhaps 
at the best level to date.  When the model of the course was changed from 16 weeks to 
8, it was necessary to critically evaluate the learning objectives, topics, and outcomes to 
ensure success. With the 8-Week model students were given the opportunity to build a 
social support network that helped their integration into the university, and were then 
given the second half of the term to implement the skills and socialization they were 
introduced to in the course. The 8-Week model essentially forced students to adjust 
within their first semester when stakes were perhaps viewed as more critical than 
between semesters when there was a gap of several weeks before they began again.  
 Another possible explanation could be the prioritization of learning objectives.  
When the model of the course was changed from 16 weeks to 8, it was necessary to 
reevaluate the learning objectives, curriculum, and outcomes and consider the impact 
that would result from changing the class period from once a week for 15 weeks for 50 
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minutes, to once a week for 8 weeks for an hour and 40 minutes.  One of the primary 
reasons for consideration of the 8-Week course model was to allow time for a 
skill/concept to be introduced, practiced, and time for small and large group 
discussions.  It is logical to conclude that providing students with time to practice a new 
skill in a safe environment followed by time to reflect with peers would improve the 
likelihood that students would be more comfortable trying the new skill again on their 
own outside of the classroom.  
 Lastly, it is important to note that the Biology 115 course, in three of the five 
sections in the 16-Week model and in all sections of the 8-Week model were taught by 
the Student Services Coordinator for the School of Biological Sciences. It is important 
to note that the Student Services Coordinator has primary responsibility for events 
available to students beginning in high school leading to admission and matriculation 
including Preview Days, Experience UMKC (yield event for admitted students who 
may be deciding between multiple acceptance offers), orientation, and convocation.  As 
such, for most students, the person in this role is the first person students begin to build 
a relationship with.  When these relationships are fostered and students have a 
consistent contact as they transition to the university and through the first 8 weeks this 
bond takes on a higher level of significance.   
Implications for Policy 
 The results of this study support the research hypothesis that were proposed. 
Research hypothesis one. The Biology 115: First Year Seminar has had a 
positive impact on first-time college freshman enrolled full-time as declared science, 
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technology, engineering, and mathematics (STEM) majors in the School of Biological 
Sciences at the University of Missouri-Kansas City as demonstrated by higher grade 
point averages, an increased percentage of students in good academic standing, and 
increased first to second year retention.  
Research hypothesis two. The alternative eight-week course model of 
Biology115: First Year Seminar has positively influenced students’ academic 
performance and retention in the School of Biological Sciences as demonstrated by 
higher grade point averages and higher rates of first to second year retention.  
The goal of a study was not just to see what the results were but to observe how 
the results can be used to support, improve, or identify changes needed to existing 
policy. This section will focus on three areas, admission, policy and practice.   
 Admission. The School of Biological Sciences at UMKC follows the university 
guidelines for freshman admission.  The results of this study with regards to pre-college 
characteristics was limited to the information available. Pre-college variables that were 
available and included in the analysis were state, graduation year, courses that were 
clearly titled as STEM, course grades, cumulative GPA, and ACT scores.  Variables 
that were not consistently available for inclusion were high school, class size, physical 
address, high school dual credit courses, courses completed through Advanced 
Placement (AP), and AP or International Baccalaureate (IB) test scores. There was not 
sufficient evidence from the analysis to warrant recommendations for changes with 
regards to admission policies for the School. 
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 Policy. Biology 115: First Year Seminar is introduced to students in 3 ways: the 
major map (a sample plan of study) on the UMKC website, sample plans of study 
available as handouts at Preview Days and Welcome Center visits, both events designed 
to allow high school junior and seniors to learn more about UMKC and majors they 
may be considering, and lastly through the presentation and enrollment guidelines 
provided during Orientation.  The Biology 115 course is not a required course but is 
presented as a requirement in all documentation provided to students. The results of the 
analysis from this study provided evidence of improvement as increased Term 1 GPA, 
Year 1 to Year 2 retention, and persistence with declared majors in STEM fields.  The 
data available for analysis included three offerings of Biology 115 in the 16-Week 
model but only one offering for the 8-week module. It would be essential for additional 
analysis to be conducted over a longer time frame for the 8-Week model before making 
recommendations but the evidence from this study is positive and would support 
additional consideration for the Biology 115 course to be a required course.   
 Practice. The results of this study support the continued use of the Biology 115: 
First Year Seminar course with first-semester freshman students in the School of 
Biological Sciences. Without evidence to the contrary, the Biology 115 course offers 
students an opportunity to engage with their peers, faculty, and the university in a way 
that supports their integration which historically has supported persistence to 
completion.  
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Limitations of the Study 
 The limitations for this study are discussed in terms of the use of current student 
records, the study participants, the correlational research, and the role of the researcher. 
The first limitation of the study was the use of current student records.  The use of 
current student records imposed a significant burden on this study, primarily in terms of 
access to the data. The Federal Education Rights to Privacy Act of 1974 protects 
students’ information.  Access to current student records could only be made available 
to the researcher with a signed consent form from every student.  This requirement 
would have created a burden on the researcher and substantially would have impacted 
the number of study participants.  To ensure the maximum number of students could be 
included, the data was requested from the Office of Institutional Research, was de-
identified, and made then made available for analysis. Additionally, a number of 
variables including physical address, ethnicity, high school course titles, college credit 
earned through high school dual credit or in the summer immediately preceding 
students first fall term enrollment,  and AP or other credit by examination test scores 
were either unavailable or inconsistent in how they were recorded as part of the 
student’s official record.   
 The participants for this study were selected using purposeful sampling and all 
students meeting the study criteria were included.   All participants were students 
enrolled as first-time college freshman as biology majors in the School of Biological 
Sciences (SBS) at UMKC.  The definition of the population was helpful specifically for 
SBS but limits the generalizability of this study.  As such, the ability to generalize 
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findings from this study will be limited to schools of similar size, selectivity, and with 
similar student and faculty profiles located in the Midwest. Additional limitations are 
necessarily required based on the format, delivery method, and topics covered in the 
Biology 115: First Year Seminar course and findings are limited to courses with similar 
characteristics. The School of Biological Sciences has experienced significant growth 
during the years of this study however the ethnicity of students remains primarily White 
and Black.  When trying to dive deeper into impacts of the Biology 115 course on other 
ethnicities the need to protect the privacy of students becomes compromised when the 
population numbers are insufficient to meet the minimum number requirements as set 
by the Registrar.  
 The correlational research was limited both in terms of the availability of 
students records with respect to high school preparation with dual credit and credit by 
examination but also by the decisions that were necessary to follow the rules and meet 
the assumptions for the principle component analysis.  As expected, when a course had 
a lecture and separate laboratory component, as with the general biology and chemistry 
courses at UMKC, the two are highly correlated.  The same was true for grade point 
averages, STEM, biology majors, and term GPAs were highly correlated with one 
another.  In addition, because of the time study for this study and the suspicion that each 
of the three populations would have unique characteristics, the principle component 
analysis was performed individually for each group.  By doing so, the factors extracted 
were unique to each population despite some commonalities, but were different enough 
that making inferences between the groups became problematic.   
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 Lastly, the role of the researcher needs to be addressed from the basis of the 
intimate knowledge the researcher has in her professional roles as a faculty member, 
student services coordinator, academic adviser, and course instructor within the School 
of Biological Sciences at UMKC.  It is difficult to fully list all of the changes that have 
occurred over the span of this study in terms of degree requirements, policy exceptions, 
advising practices, enrollment recommendations, and support services that have 
occurred.  With the researcher playing such a pivotal role within the School and with 
the students, it is impossible to fully identify conscious and unconscious bias.   
Suggestions for Future Research 
 Previous research has indicated that first year experience courses such as the 
Biology 115: First Year Seminar positively impact retention especially Year 1 to Year 2 
retention.  The results of this study complement previous findings.  Retention can only 
be fully understood when examined from many perspectives.  Many factors that were 
unavailable or beyond the scope of this study would contribute to the understanding of 
variables that impact retention in general and more specifically with respect to major, 
especially in biology and STEM fields.  Examination of several key areas including 
student’s pre-college experiences, student’s first year experiences, and sufficient 
populations of students to support examination of alternative gender and racial identities 
would be helpful.  
 Pre-College Experiences. The transition from high school to college impacts 
students differently based on several factors including location, familiarity of the family 
with the college experience, and student’s high school preparation. Demographic data 
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such as physical address would allow greater considerations for the impact of the first 
year course impact on urban versus rural or suburban students. Familiarity with the 
college experience can influence students’ expectations.   Likewise the experiences of 
parents or extended family who share their experiences with the student can also 
influence students’ expectations. The experiences and preparation that students bring to 
their college experience can have significant impacts on their transitions from high 
school to college. Understanding how students prepare themselves through their high 
school curriculum, high school dual credit courses and credit by examination speak to 
students’ motivation, access to experiences, and predict performance at the college 
level. Many of these variables were unavailable or beyond the scope of this study but 
would have contributed to a greater understanding of whether or not these experiences 
are correlated between the sample populations or were influential in students decisions 
related to retention and major.  
 First year experiences. Students are exposed to new opportunities at every turn 
when transitioning to college.  Student organizations, faculty, the diversity of the 
student population, and residential life all impose their own imprint on students. The 
ability of students to integrate themselves into the campus are enhanced by involvement 
in student organizations. At the collegiate level, students have opportunities to join or 
start organizations in virtually anything they may be interested in. The role of faculty, 
level of education, salary, and race can all influence relationships with students and the 
social and cultural climate at the university.  The culture and climate of the university is 
a variable that some students are unaware of and may have little understanding of how 
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their transition to the university may be impacted.  Many students welcome the 
opportunity to experience the diversity that the university brings but others may be 
uncomfortable with the difference from their high school. Lastly, students who 
participate in residential life have additional experiences that influence their transition 
to college.  A greater understanding of the role of all of these experiences is necessary 
to complete a more holistic picture how these experiences impact students in their first 
year and influences their decisions to remain at the university or with their major.  
Underrepresented Students. Lastly, it is critical that we continue to think about 
the influence of our policies and practices and their influence on students whose 
populations are underrepresented.  It is essential that as the diversity of our student 
populations continue to increase that we are able to critically examine their experiences 
especially those in the first year.    
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APPENDIX A 
 
 
 
Principle Component Analysis-Control Sample Pre-College Variable Correlation 
Matrix 
 
 
 
 
 
 
 
 
 
ACTENG ACTMATH ACTSCI ACTREAD HSCUM
HS 
MATH 
GRADE - 
ALG II
HS 
BIOL 
GRADE - 
BIO I
HS 
CHEM 
GRADE - 
CHEM I
TOP 
HSBIO
HSBIOL 
#SEMS
ACTENG 1.000 .562 .468 .662 .372 -.242 -.255 -.226 .049 -.123
ACTMATH .562 1.000 .566 .579 .318 -.329 -.286 -.217 -.049 -.054
ACTSCI .468 .566 1.000 .560 .250 -.180 -.244 -.227 -.039 -.055
ACTREAD .662 .579 .560 1.000 .322 -.132 -.300 -.145 .083 -.112
HSCUM .372 .318 .250 .322 1.000 -.633 -.661 -.629 .139 -.262
HS MATH 
GRADE - 
ALG II
-.242 -.329 -.180 -.132 -.633 1.000 .346 .432 -.037 .054
HS BIOL 
GRADE - 
BIO I
-.255 -.286 -.244 -.300 -.661 .346 1.000 .391 -.109 .186
HS CHEM 
GRADE - 
CHEM I
-.226 -.217 -.227 -.145 -.629 .432 .391 1.000 .020 .099
TOP  HSBIO .049 -.049 -.039 .083 .139 -.037 -.109 .020 1.000 -.671
HSBIOL  
#SEMS
-.123 -.054 -.055 -.112 -.262 .054 .186 .099 -.671 1.000
ACTENG .000 .000 .000 .000 .001 .001 .002 .269 .060
ACTMATH .000 .000 .000 .000 .000 .000 .003 .268 .249
ACTSCI .000 .000 .000 .001 .011 .001 .002 .310 .245
ACTREAD .000 .000 .000 .000 .048 .000 .033 .147 .079
HSCUM .000 .000 .001 .000 .000 .000 .000 .040 .000
HS MATH 
GRADE - 
ALG II
.001 .000 .011 .048 .000 .000 .000 .323 .250
HS BIOL 
GRADE - 
BIO I
.001 .000 .001 .000 .000 .000 .000 .084 .009
HS CHEM 
GRADE - 
CHEM I
.002 .003 .002 .033 .000 .000 .000 .400 .107
TOPHSBIO .269 .268 .310 .147 .040 .323 .084 .400 .000
HSBIOL  
#SEMS
.060 .249 .245 .079 .000 .250 .009 .107 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = Control are used in the analysis phase.
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APPENDIX B 
 
 
 
Principle Component Analysis-Control Sample Term 1 Variable Correlation Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COMSTEM1 TOPT1BIO
TERM1 
CUR 
GPACVT ACDSTDN1 BIOSTD1
COMSTEM1 1.000 -.660 .067 .008 -.311
TOPT1BIO -.660 1.000 -.121 -.085 .301
TERM1CURG
PACVT
.067 -.121 1.000 .693 .601
ACDSTDN1 .008 -.085 .693 1.000 .444
BIOSTD1 -.311 .301 .601 .444 1.000
COMSTEM1 .000 .176 .455 .000
TOPT1BIO .000 .047 .120 .000
TERM1CURG
PACVT
.176 .047 .000 .000
ACDSTDN1 .455 .120 .000 .000
BIOSTD1 .000 .000 .000 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = Control are used in the analysis phase.
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APPENDIX C 
 
 
 
 
Principle Component Analysis-Control Sample Term 2 Variable Correlation Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COM2 BIO42C
TOPT2   
BIO
TOPT2    
CHEM BIOSTD2
TERM2 
CUR   
GPACVT
ACD  
STDN2
COM2 1.000 -.508 -.285 -.382 -.276 -.225 -.222
BIO42C -.508 1.000 .526 .633 .560 .167 .280
TOPT2BIO -.285 .526 1.000 .484 .428 -.064 .164
TOPT2CHEM -.382 .633 .484 1.000 .446 .104 .316
BIOSTD2 -.276 .560 .428 .446 1.000 .450 .326
TERM2CUR   
GPACVT
-.225 .167 -.064 .104 .450 1.000 .566
ACDSTDN2 -.222 .280 .164 .316 .326 .566 1.000
COM2 .000 .000 .000 .000 .001 .002
BIO42C .000 .000 .000 .000 .014 .000
TOPT2BIO .000 .000 .000 .000 .204 .016
TOPT2CHEM .000 .000 .000 .000 .088 .000
BIOSTD2 .000 .000 .000 .000 .000 .000
TERM2CUR    
GPACVT
.001 .014 .204 .088 .000 .000
ACDSTDN2 .002 .000 .016 .000 .000 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = Control are used in the analysis phase.
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APPENDIX D 
 
 
 
 
Principle Component Analysis-16-Week Sample Pre-College Variable Correlation 
Matrix 
 
 
 
 
 
 
 
 
 
 
 
HSCUM ACTENG ACTMATH ACTSCI ACTREAD
HS 
MATH 
GRADE - 
ALG II
HS 
BIOL 
GRADE - 
BIO I
HS 
CHEM 
GRADE - 
CHEM I
HSMATH  
#SEMS
TOPHS
MATH
HSCUM 1.000 .374 .423 .281 .260 -.724 -.694 -.748 -.278 .262
ACTENG .374 1.000 .564 .591 .677 -.250 -.339 -.272 -.201 .182
ACTMATH .423 .564 1.000 .611 .472 -.359 -.330 -.316 -.375 .383
ACTSCI .281 .591 .611 1.000 .562 -.174 -.252 -.180 -.252 .183
ACTREAD .260 .677 .472 .562 1.000 -.159 -.216 -.142 -.073 .066
HS MATH 
GRADE - 
ALG II
-.724 -.250 -.359 -.174 -.159 1.000 .479 .629 .218 -.193
HS BIOL 
GRADE - 
BIO I
-.694 -.339 -.330 -.252 -.216 .479 1.000 .495 .257 -.242
HS CHEM 
GRADE - 
CHEM I
-.748 -.272 -.316 -.180 -.142 .629 .495 1.000 .178 -.236
HSMATH  
#SEMS
-.278 -.201 -.375 -.252 -.073 .218 .257 .178 1.000 -.585
TOP  
HSMATH
.262 .182 .383 .183 .066 -.193 -.242 -.236 -.585 1.000
HSCUM .000 .000 .000 .000 .000 .000 .000 .000 .000
ACTENG .000 .000 .000 .000 .000 .000 .000 .001 .002
ACTMATH .000 .000 .000 .000 .000 .000 .000 .000 .000
ACTSCI .000 .000 .000 .000 .004 .000 .003 .000 .002
ACTREAD .000 .000 .000 .000 .007 .000 .014 .130 .156
HS MATH 
GRADE - 
ALG II
.000 .000 .000 .004 .007 .000 .000 .000 .001
HS BIOL 
GRADE - 
BIO I
.000 .000 .000 .000 .000 .000 .000 .000 .000
HS CHEM 
GRADE - 
CHEM I
.000 .000 .000 .003 .014 .000 .000 .003 .000
HSMATH  
#SEMS
.000 .001 .000 .000 .130 .000 .000 .003 .000
TOP  
HSMATH
.000 .002 .000 .002 .156 .001 .000 .000 .000
Correlation
Sig.                    
(1-tailed)
a. Only cases for which Sample = 16 Week are used in the analysis phase.
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APPENDIX E 
 
 
 
 
Principle Component Analysis 16-Week Term 1 Variables Correlation Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COM1 COMSTEM1 TOPT1CHEM
TERM1 
CUR 
GPACVT ACDSTDN1 BIOSTD1
COM1 1.000 .690 -.377 -.462 -.314 -.429
COMSTEM1 .690 1.000 -.690 -.388 -.281 -.476
TOPT1CHEM -.377 -.690 1.000 .177 .135 .292
TERM1CUR   
GPACVT
-.462 -.388 .177 1.000 .673 .688
ACDSTDN1 -.314 -.281 .135 .673 1.000 .524
BIOSTD1 -.429 -.476 .292 .688 .524 1.000
COM1 .000 .000 .000 .000 .000
COMSTEM1 .000 .000 .000 .000 .000
TOPT1CHEM .000 .000 .002 .012 .000
TERM1CUR   
GPACVT
.000 .000 .002 .000 .000
ACDSTDN1 .000 .000 .012 .000 .000
BIOSTD1 .000 .000 .000 .000 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = 16 Week are used in the analysis phase.
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APPENDIX F 
 
 
 
 
Principle Component Analysis 16-Week Term 2 Variable Correlation Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COM2 RATIOT2 BIO22C TOPT2BIO
TOPT2 
CHEM
TERM2 
CUR 
GPACVT ACDSTDN2 BIOSTD2
COM2 1.000 .547 -.207 -.419 -.571 -.509 -.438 -.636
RATIOT2 .547 1.000 -.358 -.687 -.702 -.205 -.297 -.514
BIO22C -.207 -.358 1.000 .714 .292 .095 .092 .289
TOPT2BIO -.419 -.687 .714 1.000 .473 .112 .197 .514
TOPT2CHEM -.571 -.702 .292 .473 1.000 .308 .371 .439
TERM2 
CURGPACVT
-.509 -.205 .095 .112 .308 1.000 .639 .531
ACDSTDN2 -.438 -.297 .092 .197 .371 .639 1.000 .369
BIOSTD2 -.636 -.514 .289 .514 .439 .531 .369 1.000
COM2 .000 .000 .000 .000 .000 .000 .000
RATIOT2 .000 .000 .000 .000 .001 .000 .000
BIO22C .000 .000 .000 .000 .066 .072 .000
TOPT2BIO .000 .000 .000 .000 .038 .001 .000
TOPT2CHEM .000 .000 .000 .000 .000 .000 .000
TERM2 
CURGPACVT
.000 .001 .066 .038 .000 .000 .000
ACDSTDN2 .000 .000 .072 .001 .000 .000 .000
BIOSTD2 .000 .000 .000 .000 .000 .000 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = 16 Week are used in the analysis phase.
235 
 
APPENDIX G 
 
 
 
 
Principle Component Analysis 8-Week Pre-College Variable Correlation Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HSCUM ACTENG ACTMATH ACTSCI ACTREAD
TOPHS
MATH
TOPHS
CHEM
HS 
MATH 
GRADE - 
ALG II
HS 
BIOL 
GRADE - 
BIO I
HS 
CHEM 
GRADE - 
CHEM I
HSCUM 1.000 .465 .423 .261 .335 .289 .244 -.729 -.726 -.752
ACTENG .465 1.000 .686 .600 .702 .280 .159 -.491 -.285 -.395
ACTMATH .423 .686 1.000 .695 .545 .403 .304 -.477 -.303 -.352
ACTSCI .261 .600 .695 1.000 .605 .320 .206 -.358 -.169 -.207
ACTREAD .335 .702 .545 .605 1.000 .180 .084 -.443 -.200 -.183
TOPHSMATH .289 .280 .403 .320 .180 1.000 .377 -.268 -.134 -.182
TOPHSCHEM .244 .159 .304 .206 .084 .377 1.000 -.233 -.230 -.201
HS MATH 
GRADE - ALG 
II
-.729 -.491 -.477 -.358 -.443 -.268 -.233 1.000 .582 .572
HS BIOL 
GRADE - BIO I
-.726 -.285 -.303 -.169 -.200 -.134 -.230 .582 1.000 .634
HS CHEM 
GRADE - 
CHEM I
-.752 -.395 -.352 -.207 -.183 -.182 -.201 .572 .634 1.000
HSCUM .000 .000 .005 .000 .002 .008 .000 .000 .000
ACTENG .000 .000 .000 .000 .003 .061 .000 .002 .000
ACTMATH .000 .000 .000 .000 .000 .001 .000 .001 .000
ACTSCI .005 .000 .000 .000 .001 .022 .000 .050 .022
ACTREAD .000 .000 .000 .000 .040 .208 .000 .025 .037
TOPHSMATH .002 .003 .000 .001 .040 .000 .004 .097 .038
TOPHSCHEM .008 .061 .001 .022 .208 .000 .011 .012 .025
HS MATH 
GRADE - ALG 
II
.000 .000 .000 .000 .000 .004 .011 .000 .000
HS BIOL 
GRADE - BIO I
.000 .002 .001 .050 .025 .097 .012 .000 .000
HS CHEM 
GRADE - 
CHEM I
.000 .000 .000 .022 .037 .038 .025 .000 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = 8 Week are used in the analysis phase.
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APPENDIX H 
 
 
 
 
Principle Component Analysis 8-Week Term 1 Variable Correlation Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOPT1MATH TOPT1CHEM
TERM1CURG
PACVT ACDSTDN1 BIOSTD1
TOPT1MATH 1.000 -.519 -.087 -.080 -.071
TOPT1CHEM -.519 1.000 .259 .202 .212
TERM1CURG
PACVT
-.087 .259 1.000 .617 .738
ACDSTDN1 -.080 .202 .617 1.000 .581
BIOSTD1 -.071 .212 .738 .581 1.000
TOPT1MATH .000 .190 .207 .237
TOPT1CHEM .000 .004 .020 .015
TERM1CURG
PACVT
.190 .004 .000 .000
ACDSTDN1 .207 .020 .000 .000
BIOSTD1 .237 .015 .000 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = 8 Week are used in the analysis phase.
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APPENDIX I 
 
 
 
 
Principle Component Analysis 8-Week Term 2 Variable Correlation matrix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COM2 COMSTEM2 BIOSTD2 TOPT2BIO TOPT2CHEM
TERM2CURG
PACVT ACDSTDN2
COM2 1.000 .717 -.423 -.329 -.525 -.336 -.353
COMSTEM2 .717 1.000 -.558 -.312 -.740 -.403 -.309
BIOSTD2 -.423 -.558 1.000 .403 .490 .502 .313
TOPT2BIO -.329 -.312 .403 1.000 .081 -.057 .190
TOPT2CHEM -.525 -.740 .490 .081 1.000 .559 .291
TERM2CURG
PACVT
-.336 -.403 .502 -.057 .559 1.000 .441
ACDSTDN2 -.353 -.309 .313 .190 .291 .441 1.000
COM2 .000 .000 .001 .000 .001 .000
COMSTEM2 .000 .000 .001 .000 .000 .001
BIOSTD2 .000 .000 .000 .000 .000 .001
TOPT2BIO .001 .001 .000 .224 .298 .036
TOPT2CHEM .000 .000 .000 .224 .000 .003
TERM2CURG
PACVT
.001 .000 .000 .298 .000 .000
ACDSTDN2 .000 .001 .001 .036 .003 .000
Correlation
Sig. (1-tailed)
a. Only cases for which Sample = 8 Week are used in the analysis phase.
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